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Ximisa, 6inbire HidK OyIb-sKa iHIIA raJ1y3b 3HAHD,
€ OCHOBOIO Cy4YacHOI MaTepiajJbHOI KyJIbTYPHU.
Ceanme Apperiyc, Hobenigcvrkuil naypeam

LlaHOBHiI OAMHAAUATUKNACHUKA Ta OAMHaaLUATUKNACHMLI!

Y npomMy HaBUAJIBHOMY POIli BU 3aKiHUyeTe BHBYATH INMKIJIBHUNA KYpC
ximii. 3a ocTaHHI YOTUDPU POKU BU AidHaAJMUCA OaraTo IIpo XiMiuHi pevyoBUHU,
ixHi BJIACTMBOCTiI Ta 3HAUeHHA B Hamomy Kutrti. Hapasi Bu maere MOK-
JIUBICTH IIOBTOPUTHU [AesAKi MUTAHHSA Ta IIOTJINOUTH 3HAHHS 3 HeopraHiuHoI
Ta 3arajabHOl ximii. Bu gisHaeTecsa mpo BJIACTUBOCTI XiMiUHMX eJieMeHTiB
i CcImoNyK, AKi BOHM yTBOPIOIOTEL, IIPO B3a€MO3B’A30K MiK OYyIOBOIO aTOMiB
Ta OYIOBOIO MOJIEKYJI, 8 TaKOK IIPO BUKOPUCTAHHSA HEOPTaHiUHUX CIIOJYK
Yy HAIIIOMY KHUTTi, IXHIO POJIb ¥ PO3B’A3aHHI IO0OYTOBUX IIPO0JIeM i cydacHUX
npobjeM JIIOACTBA.

Ileit mocibHMK — Ball HagiHWN NOMIUHMK y BuUBYeHHi Xiwmii. Binm
MicTUTH yBech MaTepiaja, skuii BaMm Oyne HeoOximumii B 11 KJiaci.

Kosxuuit maparpad s3akiHuyeThbCcs KJIIOUOBOIO ifle€io i MpaKTUUYHUM 0JI0-
KOM, SAKHUH CKJIQJAaEThCSA 3 PiSHOMAaHITHMX 3aluUTaHb i 3aBIaHb. ¥ KiHIL
mocibHuKa € aa(aBiTHUN MOKaKUNK Ta BiAIIOBiAl 40 PO3PaXyHKOBUX 3amad.

YMOBHIi NO3HAUYeHHs

° _ — BaKJIMBA ingopwmamnida, 9— KOHTDOJIbHI 3allUTaHH;
-0 .

¢ AKY HeoOXimHo 3amam’sTaTu;

f_ 3aBAAaHHA IJId 3aCBOECHHA
—_—

@ — IOeMOHCTPAIlinHUN MOCJIim; Marepiany;

. o\ — °
@\ — kJIouOBa ifes maparpada; @/ TIOCUJIAHHSA Ha eJIeKTPOHHUH
-» IOIATOK.

e

EnekTpoHHUIN fogaTok o NigpyyvyHUKa

Ha cropinkax migpyyHHUKA BM 3HAAeTe IMOCUJIAHHS HA €JEeKTPOHHI mMare-
pianu go migpyuHmka: 6iorpadii BueHUX, Bifeo XiMiuHUX MOCHiAiB Ta TeCTOBi
3aBIaHHA /A KOHTPOJIO 3HAHb 3a BuBueHuMHu TemMamu. CKopucrarucsa QR-ko-
JaMu MOJKHA 3a JOIOMOTOIO CHeIiaJlbHUX 0e3KOIITOBHUX IIPOTpaM, AKi MOMKHA
BCTAHOBUTHU HAa Balll IJaHIIEeT abo cMapTdoH.



TEMA 1. NEPIOANYHUN 3AKOH
| NEPIOANYHA CUCTEMA
XIMIYMHUX EJIEMEHTIB

§ 1. MNoBTOpEeHHS OCHOBHMX MOHATb
npo 6ygoBy aToma

I'InaHeTapHa monaesb 6y/J'OBI/I
Ta CKnag atoma YacTuHKMN y CKJIaAi aToMma:
eneKTpoHu (e7): 3apanm —1, A
CyuacHi yABeHHA Ipo OyZ0BY aToMa | mporonu (p): sapsag +1, A =
I'PYHTYIOTbCA Ha JOCTIIMKEHHAX 0araTbox HerTponu (n): sapan 0; A =
HaquBuiB, sokpema EpHecta Pesepdop- XapaKTepuCTHEN aToMa:
na, Hinsca Bopa, IImutpa IBanenka, Ep- Z — TpOTOHHE UMCI0, YKA3YeE
Bina Illpexinrepa Ta IHIINX, AKi BCTA- | kijgpkicTs mpoToHiB y Axpi aToma;
HOBIJIN HAABHICTH Ta 6y,lIOBy aTOMHOI'O N — HefITpOHHe YUCJI0, YKa-
Anpa, OymOBY eJeKTPOHHOI OOOJIOHKU |3ye KiJbKicTb HEHTpOHIB y sAApi
rorto (mau. 1.1). aToma;
A — macoBe, ab0 HYKJOHHE,
YHCJIO, YKA3Y€E KiJIBKiCTH HYKJIO-
HiB y Axpi aToma

1;
1.

o AToM — Ue eneKkTpoHenTpanbHa

“'. YaCTUHKa, WO CKMIAJa€TbCs 3 Mo3u-
TUBHO 3apPsAAXKEHOro AApa i HeraTuBHO
3apAOKEHNX eNeKTPOHIB.

EnekTpoHu cknagamoTb enekTPOHHY 0OOMOHKY
KinbKicTb eneKkTpOHIB JOPIBHIOE KibKOCTI NPOTOHIB y AApi

>

Appo cKknafaeTbca 3 HYKNOHIB (MPOTOHIB i HEMTPOHIB)

A

~1079m

wn
=
Y

MpotoHn  HentpoHn BRAMBaIOTL TifIbKM Ha Macy AApa
KinbKicTb NPOTOHIB y AApPI uncenbHO [MpOTOHHE YNCNIO + HENTPOHHE YUCIOo =
LOpIBHIOE 3apAny Agpa = MacoBe uncno = A,

Man. 1.1. Mogenb aTtoma Ta Moro cknag



§ 1. MoBTOpPeHHA OCHOBHWX MOHATb NpPO GynoBy aToma

Hykaig — me pisHOBUI aTOMIB i3 MeBHOIO
KiJTbKiCTIO IPOTOHIB i HEHTPOHIB y APi.

Hyxaign mosHauamOTh CUMBOJIOM XiMiuHO-
ro eJeMeHTa i3 3a3HAYEHHSAM IIPOTOHHOTO Ta
MacCOBOTO YWCeJ:

MacoBe uucno

A=Z+N=A Cumson
! gO —— XimiuHOro
MpoToHHe yucno Z — enemeHTa
(3apsg anpa) Hinbc leHpuk faBupg bop
(1885-1962)
Hobeniscbkuin naypeat 1922 p.
8 16 6p 12 . a
4 > pd :C € aBTOPOM CyyacHoi Mogeni

6ypnoBu aTtoma

XimiuHuil eJIeMEeHT — I[e HYKJiTd 3 OJTHAKOBUM 3apAaoM fAapa.

IIporoHiB B aToMax MicTHUThCA TaKa KiJbKiCTb, IIIO0 JOPiBHIOE ITOPAIKO-
BOMY HoOMepy Ximiunoro ejgementa B IlepiommuHiii cuctemi. OTike, i 3apazn
dAApa aToMa TaKOK JAOPIBHIOE MOPSAKOBOMY HOMEPY:

ITopagkoBuii HOMep ejleMeHTa = KiJIbKiCTh HPOTOHIB y AApi

Mg

Marhin 24,305 +— BinHoCHa aTomHa maca np|/|6n|/|3Ho ,quiBHloe MacoBOMY ymncny

121

MopsagKoBUI HOMEP YncenbHO AOPIBHIOE 3apagy Aapa

IsoTonmu — 1e pi3Hi HYKJiAM OTHOro XiMiuHOTO eIeMeHTa.
IsoTommamMu € HyKJigM, 110 MAOTh ONHAKOBUI 3apsAn (IIPOTOHHE UHCJIO)
i pisHe HEHWTPOHHE UMCJIO:

8
1p 8p sﬁ 9P 17p
n 10n 10n 6p gp 20n
18 16 19 7 Z
H 80 <—1z010nm —7 30 oF 3 g Isotonm 1€l
OkcureHy <C <— Kap6ony > C

Vv
Pi3Hi HyKknign

Pyx enektpoHa B aTomi. OpbiTani

151 eleKTpoOHAa MOYKHA BU3HAUUTHU JIMIIEe HMOBipHiCTS Horo mmepebyBaHHSA
B IIEBHIN TOUIl IIPOCTOPY HABKOJO Aapa. Ty YyacTUHY HPOCTOPY HABKOJIO
Anpa, y AKif eJeKTpPOH mepeOyBae HalliMOBipHiIlle, HAa3WBAIOTh ATOMHOIO
opOiTaJLiio.

Op6itagas — 1e YacTHHA MPOCTOPY, Y AKOMY WMOBipHITH IepeGyBaHHS
eJIeKTPOHA HAWBWIIA.

AtomHi opbiTasi BCix eJEeKTPOHIB y aTOMi pasoM YTBOPIOIOTH CIIJIBHY
€JIEKTPOHHY XMapy aToMa — eleKMmpPOHHY 000LO0HKY aToMa.



TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

0L 2 A S

Man. 1.2. ATomHi op6itani: a — s-opbitanb; 6 — p-op6iTanb; 8 i @ — pi3Hi BUAK d-opbitanen;
0 i e — pisHi Buan f-opbitanen

3-moMixK opbirTasieii, 110 3alIOBHIOIOTHCSA €JeKTPOHAMM B aTOMi, BUIIJIA-
I0OTb YOTHPU TUIU: S, P, d i f (man. 1.2).

CTpyKTypa enekTpoHHOI 0O0NOHKM aTOMIB

B esnekTpoHHUX 000JIOHKAaX aTOMHI OpOiTasi yTBOPIOIOTH YiTKi CTPYKTY-
pu, 10 pPi3HATHCA KijgbKicTio i Tummom opbiTaseii.

Opbirani 3 NpubIN3HO OAHAKOBOIO €HEPriel0 yTBOPIOIOTH eHepzemuuHi
Pi6Hi (eJIeKTPOHHI mapu), ix mosHavaooTh yucjiom n (n =1, 2, 3, ...), a Ta-
KOK eHepreTWYHi IminpiBHi.

Koxuuii piBess i3 HoMepoMm n mictuth n? opbirTaneit

Ko:xHa opbiTanp MOMKE MIiCTUTM MaKCHUMAaJIbHO IBa €JEeKTPOHU, TOMY
MaKcHMaJbHa MIiCTKiCTh eHepreTH4HOro piBHA 2n2.

KoxxHnii piBeHb i3 HOMEpPOM 1 MOKe MiCTUTH MaKCUMyM 2n? eJIeKTPOHIB

Ko:xuuil emepreTHYHUN piBeHb CKJIATAETHCA 3 eHepzeMuUYHUX nidpieHis.
Enepreruuni migpisui 06’equyoTh opbiTaai ogHoro tumy (s, p, d i f), Tomy
iX mMo3HauvailoTh TaK caMo, AK i opOiraui.

KinbKicTh eHepreTHYHUX IIiAPiBHIB HA eHePreTUYHOMY PiBHI JOPiBHIOE

HOMepY IIhOT0 PiBHS

I'padiunmo opbiTans mosHauaioTh KBagpaToMm. OTike, OyJoBa €IeKTPOHHOL

00OJIOHKM aToMa Ha NPUKJIALL IepIInX 4YOTUPHhOX €HepreTUYHUX PiBHIB

BUTJIALATUME TaK:
Opbitani

— e
et )LL) CERLL) ERL LT

p d f

S
n=s | )LL) LT

= s p d
vt nez[ ] [ ]]
S

p
n=1 |:|
S

A

PiBHi

EHepria

e — |

MippisHi



§ 1. [NOBTOPEHHA OCHOBHUX MOHATb Mpo OyAoBy aToma

N

o

KniouoBa iges

Cknag atoma 6e3nocepefHbo abo onocepefKoBaHO 3alndppoBaHo B lNepiognyHin
CUCTEMI XIMIYHUX eNneMeHTIB.

KoHTpONbHi 3annTaHHA

1.

2.

K BU3HAUUTK: @) KIiNbKiCTb MPOTOHIB, HENTPOHIB Ta ENEKTPOHIB Yy aToMmi;
6) MaKkCcUManbHy MICTKICTb €HEePreTUYHOro PIiBHA; B) KiNbKiCTb eHepreTuyHmnx
PiBHIB, O 3aMOBHIOTLCA €NeKTPOHaMM B aTOMax NEBHOro enemeHTa?
CxapaKkTepusynTe CTPYKTYpYy enekTPOHHOI 0OONOHKM aTOMIB: CKNnaj eHepre-
TUYHUX PIBHIB, CKNaA i TUNN eHepreTUYHUX NigpiBHIB.

3aBAaHHA ANA 3aCBOEHHA MaTepiany

3.

CknafiTb NO3HauYeHHA HYKNigiB, AKWO iXHi Agpa mictaTh: a) p = 4, n = 4;
6)p=8n=9B)p=18n=20;1)p=25n=30;8) p=29 n=34¢e) p=31,
n=41¢€ p =282 n=123.

BusHauTe NpOTOHHe Ta HEMTPOHHe umcna Hyknigis: 70, 1%C, 30P, 37Cl, 5ONj,
124Sn’ 127'1 137CS’ 29409‘

BusHaute: a) Hyknig Onyopy 3 TaKUM CaMUM HENTPOHHKM YniCom, Wwo B VN;
6) HyKNig Kanito 3 Takum caMum HeVTPOHHUM unciom, Wwo B 2°Ca; B) HyKIig
i3 HEMTPOHHMUM UMCIOM 35 | 3 TaKUM CaMUM MPOTOHHIM YUCAOM, WO B %8Zn?
I3 HaBeaeHoro nepeniky — 30, 2oNe, '5F, 19Ne, *OF — Bubepith: a) izoTonu;
6) HyKnign 3 OOHAaKOBUM HEWTPOHHUM UMUCIOM; B) HYKNIiAU 3 OOHAKOBUM
HYKJIOHHUM YMCIIOM.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIro MNCJ1e€HHA

7.

9.

[PYHTYIOUMCb HA 3HAYEHHI BIAHOCHOT aTOMHOT Maci XiMiYHVX e/1leMeHTIB, Crpo-
rHO3yWTe, Yy BUMMALI AKUX HYKNIAiB icHYOTb Y Nnpupogi: a) JliTiii; 6) bop; B) Kap-
60H; ) Hatpiir; o) ®ocdop; e) Kynpym.

AIK B po3yMi€Te TBEPAXKEHHS, WO «eNIeKTPOH OAHOYACHO BUABAE BACTMBOCTI
i YacTUHKWY, | XxBWAI»? AK LA BNAaCTMBICTb €/1EKTPOHa MO3HAYAETLCA Ha 0CObnu-
BOCTAX 6ynoBu atoma?

Yomy TepMiHV «eHEePreTUYHUIA PiBEHb» Ta «eNIEKTPOHHUI LWap» € CUHOHIMaMu?

MiHi-npoekTn

10.

1.

12.

BukopucTtoBytoun goaaTtkosi Axepena iHbopmalii, npoaHanisynte ekcne-
pumeHT Pesepdoppa 3 BM3HaueHHA GyAoBU aToma. AKi pe3ynbTat Lboro
Jocnigy LO3BONWAM OMY 3pOo6GUTM BUCHOBKM MPO MiaHeTapHy 6ynoBy
aToma?

BukopucToByloun JoaaTKoBi axkepena iHpopmalil, cxapakTepusynTe 3HayeH-
HA noctynatie bopa gna dopmyBaHHA cyyacHoi mogeni 6yfoBm atoma.
3BEpHITbCA 4O AoAATKOBUX Axkepen iHpopmaulii Ta MOACHITb, YOMy aTOMHi op-
6iTani matoTb came Taky dopmy. Yim, Ha Bally AYMKY, Lie 3yMOBNeHe?



§ 2. Po3nopgin eneKTPoHiB B eNeKTPOHHIl 060M0OHLi aTOMiB s-, p-

Ta d-enemeHTiB

Mpurapaiite: po3TallyBaHHA s-, p-, d- Ta f-enemeHTiB y lMNepiognyuHin cuctemi (gue. dop3adl).

MicTkicTb opbitanen

Ha xosxHill opbiTasi MakcuMaJIbHO MOMKYTh
po3MicTUTHCA [Ba €JIEeKTPOHU, 1110 MAIOTh OJHA-
KOBY €HEepriio, ajie AKi BiIpisHAIOTBCA 0COO0JIN-
BOIO BJIACTUBICTIO — CITIHOM.

Cnin eekmpora — 11e F10T0 BHYTPIIITHA BJIac-
TUBICTb, 110 XaPAKTEPUIYE BiTHOIIIEHHS €JIEKTPO-
Ha 0 MarHiTHOrO mojsa. HaouHo 1110 BiIacTHUBiCTh
MOKHA YABUTHU AK MOKJIUBICTH O0EPTaHHS eJIeK-
TPOHA HABKOJO CBO€EI oci (maj. 2.1).

I'pagiuHo eseKTpoHU 300paKYIOTh y BU-
TJISAAl CTPiJIOK, COIPAMOBAHUX MOTOPU abo MIO-
HU3Y, 1110 HA0UYHO MOKAa3yI0Th HANIPAMOK CIIiHY
eJIeKTPOHAa:

|:| — BinpHa (HeszamoBHeHa) opbiTaJib;

Wt et
s {4y

6

Man. 2.1. EnekTpoHu 3 napa-
nenbHUMK CriiHamu (a) Ta aHTK-
napanenbHUMK criiHamu (6)

— opbiTtaib, 110 MICTUTH OJUH €JIEeKTPOH; TaKMUI eJeKTPOH Ha3uBAa-

IOTb HecnapeHum;

— 3alOBHEHA OPOiTaIb, 1110 MiCTUTH [Ba €JEKTPOHU 3 MPOTUIEKHUMMI
CIIiHaMM; TaKi eJIEeKTPOHU HABUBAIOTH CNAPEHUMU, a00 eJleKMPOHHOI0 Napoio.
OpHa opbiTanb MOKe MiCTUTHU JIMIIIe IBA TaKi €IeKTPOHU, CIiHU AKUX €
auTunapagerbHuMu. e mpaBuIo Ha3UBAIOTL NPUHYuUnom 3aboponu Iayni:

(] Ha opgHin op6itani MoxyTb nepebyBatil He GifbLU HiXK ABaA €NIeKTPOHM, MPUYOMyY

\
“. iXHi cniHM matoTb ByTW aHTMNapanenbHUMU.

7% [Tlv

Po3nogin enekTpoHiB no opbitanax. MpuHUMN «MiHiIManbHOT eHeprii»

EnexTpoHu 3aiiMaroTh OopOiTasi IOCHiTOBHO HOUYMHAIOUN 3 IIEPIIOTO
€HepPreTUYHOTO PiBHA 3a IOPAAKOM 30iJIbIlIeHHsS eHeprii piBHA Ta miapiBHA.
CoouaTKy «3acessieTbCs» MEePINUil eHePreTUYHUMN PiBeHb, MOTiM — JIPYTH,
TpeTiit Tomo. Ile mpaBusIo HA3UBAIOTh NPUHYUNOM HAUMEHULOL eHepe2ii:

'\ B aTOMi KOXXHUI eneKTPOH HamMara€eTbCA 3alHATK opbiTanb i3 MiHIMaNbHUM
¢ ~® 3HaUYeHHAM eHepril, WO BifNOBiAa€ HANMILHILOMY NOro 3B'A3KY 3 A4POM.



§ 2. Po3nogin enekTpoHiB B €NeKTPOHHii 060NOHLi aToMiB s-, p- Ta d-enemeHTiB

IlopiBHIOBaT; eHeprii miapiBHIB ciaixg 3 ypaxyBaHHAM TaKOTO:

« eHepridg S-miApiBHA 3aBiKAM MeHINIA 3a eHeprilo p-miApiBHA TOro ca-
MOTO €HepreTUYHOTO PiBHSA, TOOTO S-MiApiBeHb 3aOBHIOETHCA €JIeKTPOHAMU
pamimre 3a p-migpiBeHb;

 eHeprig d-migpiBHsa Oinblna HaBiTh 3a eHepriio S-UiApPiBHSA HACTYIIHOTO
€HepPreTUYHOTO PiBHA.

ITopsapgok 3amoOBHEHHSA €JEeKTPOHAMHU €HEPTreTUYHMWX MHiPiBHIB MOKHA
iTrocTpyBaTH TaK:

®]

@ | \4p\ JENEE \QII HEEN

| |@| | | | |@| | | 4d- Ta 4f-nigpisHi B ene-
3 3d

| MEHTIB YeTBepTOro nepio-

3s D
e [y He 3anoBHIOITbCA
.. 3d-nigpiBeHb 3anoBHIO-
2s 2p

€TbCA Nicna 4s-nigpisHA

B €NIeMEHTIB YEeTBEPTOro
nepiogy
1s
Aximo migpiBeHb CKJIamaeTheAa 3 KiJIbKOX opbiTajeil Ta mMicTuTh OijbIire
OJIHOT'O €JIEKTPOHA, TO 3a MOXKJIMBOCTI eJIEKTPOHH 3aliMalOTh BiJbHI opbiTaui,

a 3a BiZICyTHOCTi BiJIbHOI YTBOPIOIOTH IIapy 3 iHIIMM €JeKTPOHOM y HAaIliB-
3amoBHeHi# opb6itani. Ile mpaBuio HazuBawTh npasurom Xyunoa:

'\‘ Ha ogHoMy eHepreTMyHOMY NifpiBHI €NEeKTPOHM PO3MOAINATLCA N0 OpbiTanax
¢ ~@® takum UMHOM, OO KiNbKiCTb HECMapeHNX eNleKTPOHIB Byna MakCMasbHOIO.

Y e T[TV

EnekTpoHHi Ta rpadiuHi popmynu atomis s-, p-, d-enemeHTiB

Posmozis esleKTpoHIB TT0 opbiTaisax B aToMax $- Ta p-eJIeMEeHTiB MepITnx
TPHOX IIePiOfiB BMU BiKe BUBUAJMU y 8 KJjaci. [IpurajaeMo oCHOBHI IPUHITUIN:

* KIJIBKICTh eHepreTUYHMX PiBHIB, 1[0 3allOBHIOIOTHLCSA B aTOMi II€BHOT'O
eJeMeHTa, BU3HAUaloTh 3a HoMepoM nepioxny Ilepioguunoi cucreMu, y AKOMY
po3TalloBaHUM Iedl XiMiuHUII eJIeMeHT;

*KiJTbKiCTHh €JIEKTPOHIB Ha 30BHIITHHROMY €HEPreTHYHOMY PiBHI §- Ta
p-ejieMeHTiB nopiBHIOe HOMepy rpynu llepiogmunoi cucreMu, y AKifl poas-
MillleHu# ejeMeHT (3a KOPOTKUM BapiaHToM), oKpim Ieurito;

+ B aToMaXxX S$-eJIeMEHTiB OCTAHHBHOIO B3aIIOBHIOETHCS €JIEKTPOHaAMMU OpOi-
TaJb S-IMiAPiBHSA, B aTOMIB p-eJeMeHTiB — opbOiTasni p-migpiBHA TOIIO.



TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

B arowmis I'exito (1 mepion, VIIIA rpyna, Ne 2) B eleKTpOHHi#T 000JIOHITL
MICTUTBCA OBa €JIeKTPOHHU, sKi mepeOyBalOTh Ha IIEPIIOMY €HEePreTUUYHOMY
piBHiI Ha emuHiN s-opbOiTasai (s-exeMeHT):

oHe 1 152
s

Arovu Jlitiro (2 mepion, IA rpyma, Ne 3) MicTaATH Tpu eJIeKTPOHU: IIEep-
Ui piBeHb BMIIIlye ABa €JIEKTPOHU, a Ha APYTOMY MICTUTBHCA TiIBKUW ONWH
eJIeKTPOH Ha 2s-opbiTasi (s-eleMeHT):

sli 2 [ T[] 15225
s p
1
S

B atomiB Bopy (2 mepiox, IITA rpyma, Ne 5) B eleKTpoHHilI 060JOHITI
5 eJIeKTPOHIB, iX BHUCTaYae [IJisd 3allOBHeHHs 1s- Ta 2s-opbiTaseii, i e oguH
3’ABJIAEThCA Ha 2p-opbiTasi (p-edemeHT):

5B 2 T T ] 1522522p!
5 p
1
S

B aromir Harpito (3 nepiox, IA rpyma, Ne 11) 3anoBHIOETBCA TPU eHEP-
reTUYHUX PiBHiI, OCTaHHBOIO — 3S-0pbOiTanb (s-ejieMeHT):

uNa g[t] [ [ [ ] [T T[] 15225°2p°3s"
S P d
2]
S p
1[1]
s

B aromax Aprony (3 mepiox, VIIIA rpyma, Ne 18) — ocramHBOTO eJie-
MeHTa TPeThOTO Iepiofy — MOBHiCTIO 3aiiHATI BCi §- 1 p-opbiTani, ocTtaHHIM
3alIOBHIOBABCA p-IiAPiBeHB (p-eJIeMeHT):

wAr ol MUNAY (T[] Ay -
S p d
2 (1)
s p
1Y
S




§ 2. Po3nogin enekTpoHiB B €NeKTPOHHii 060NOHLi aToMiB s-, p- Ta d-enemeHTiB

B aromax Kadito (4 nepioz, IA rpyma, Ne 19) 3am10BHIOETHCA YOTHUPU €HEP-
TeTUYHUX PiBHi, OCTaHHBOIO — 4s-0pOiTanb (s-esemeHT). OCKiIBKU eHeprid
4s-miapiBHA MeHIIIA 3a eHepr'ilo 3d-migpiBHA, TO OCTAaHHA JINIIIAETHCA BiJIBHOIO:

K 4- NEEEEEEEEEEEEN

d f
3- |T¢|T¢|T¢| HEREN
d
211
s
1 P 1522522p63523p54s!
s

®epym (4 mepioxn, VIIIB rpyma, Ne 26) poararoBaHUi MPUOJMU3HO II0-
cepenuHi d-emeMeHTiB 4 mepiony, fioro 3d-miagpiBeHb MiCcTUTHL 6 €JIeKTPOHIB:

26F'e 4||||||||||||||f||||

S p d
s[N] [N [N[T[T[T]T]
s p d 1522522p63523p%3d64s?

s d-ereMeHTiB eJeKTPOHHY (QOPMYJIYy aToMa CKJIATalOTh II0-PidHOMY:

...3523p%3d%4s2 ...3523p%4523d6
y TakuiA cnocié nigkpecntoTb, y TaKuil Ccnoci6 nigKpecnionTb,
wo 3d-nigpiBeHb — Le YacTuHa o 3d-nigpiBeHb 3aMoBHIOETHCA
TPEeTbOro eHepreTUYHoOro piBHA nicna 4s-nigpisHa

Omke, NPUHIUION, IO MU POSTJIAHYJIH, MOIOMOXKYTH BaM 3PO3yMiTu
OyZIOBY €JeKTPOHHMUX OOOJIOHOK MaiyKe Oyab-aKux artomiB. I[i mpuHmmnu
€ yHiBepcaJbHUMU i BUKOHYIOTHCA IJA BCiX €JEeMEeHTiB.

)

/ .

1'" KniouoBa igen

.—
[ONOBHWI NPUHLMM, WO PErynioe NOpAAOK 3arnOBHEHHA opbiTaneli enekTpoHa-
MU,— MPUHLUMMN HalMeHLWOoi eHeprii. 3rifHO 3 HUM, eHepreTUyHi NigpiBHi B aToMmi

3aNOBHIOKOTbCA €JIEKTPOHaMK B TaKOMY MOPAAKY:

Mepiop

1s 2s2p 3s3p 4s3d4p




TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

Q KoHTponbHi 3annuTaHHA

s

13.

14.

15.

16.

17.

18.

19.

CKinbKn eneKkTPOHIB MOXe MaKCUManbHO nepebyBaTy Ha: a) OfHIli aTOMHIN
op6iTani; 6) s-nigpisHi; B) p-niapiBHi; r) d-nigpisHi?

[Jlaite BU3HaUYeHHA NPUHLMMY HAaIMEHLLOI eHeprii, npaBuna XyHAa, NpuHuuny
Mayni. CxapakTepusywTe iXHE 3HAaYEHHA ONA BU3HAUYEHHA PO3MOAINY enekTpo-
HiB B €NeKTPOHHII 060NOHLi aToma.

Lo Ha3mBaloTb «HecnapeHUM eneKkTPOHOMY, «efIeKTPOHHOI Napoto»?

Yomy nepLunii eHepreTUYHUN piBeHb 3aMOBHIOETbCA paHille 3a ApYruin?
HaBeniTb MopA#OK 3anoBHEHHA eneKkTpoHaMu MNiAPIBHIB ANA Neplmnx 4oTu-
PbOX eHepreTUYHUX PiBHIB.

Yomy B aTtomax bepunito enekTpoHu ApYroro eHepreTMYHoro pisHA nepeby-
BalOTb Ha s-opbiTasi, a He Ha p-opbiTani?

CKinbKu eHepreTMYHUX PiBHIB 3alHATO eneKkTpoHaMu B aTtomax: a) Hatpito;
6) Kanbuito; B) Bpomy?

3aBAaHHA ANA 3aCBOEHHA MaTepiany

20.

21.

22,

23.

24,

25.

26.

27.

Cknagitb rpadiuHi enekTpoHHi popmynu atomis Hitporeny, ®nyopy, MarHito,
Antominito, Cunidito Ta ®epymy. BrusHauTe KibKicTb €NeKTPOHHUX Map Ta He-
CNapeHVX efIeKTPOHIB Ha 30BHIWWHbOMY €HEPreTUYHOMY PiBHi.

Ha3BiTb ABa XiMiuHi enemeHTN, B aTOMax AKX Ha 30BHILWHbOMY eHepreTuny-
HOMY piBHi BifiCyTHi: a) BinbHi op6iTani; 6) micua AnA npuefHaHHA enek-
TPOHiIB.

ATOMM AIKOro XiMIYHOrO efieMeHTa APYroro nepiogy MiCTATb Taky camy Kifib-
KiCTb HecnapeHux eneKkTpPoHiB, K atomu: a) Jlitito, 6) Hitporeny; B) bepunito?
Cknagitb rpadiuHi enekTpoHHi dopmynu atomis: a) Hitporeny i ®ocdopy;
6) Okcureny i Cynbdypy; B) ®nyopy i Xnopy. Lo cninbHoro B 6yfosi enek-
TPOHHUX 0OOMIOHOK LMX aTOMIB i UMM BOHM Bifpi3HATbCA?

B atomax AKMX XiMiYHMX efleMeHTIB  3arOBHIOETbCA  efleKTPOHaMMU:
a) 2s-nigpiBeHb; 6) 2p-nigpiBeHb; B) 3s-nigpiBeHb; r) 3p-nigpiseHb; a) 4s-nig-
piBeHb; €) 3d-nigpiBeHb?

Br3HauTe enemeHT 3a eneKTPOHHOK GOPMYIOI0 30BHILUHBOrO EHEPreTUYHOro
piBHA oro atomis: a) 1s%; 6) 2s'; B) 2522p3; ) 3s23p*; n) 4s%; e) 3d%4s2.

ATOMM AIKOTO eNemMeHTa TPETbOro Nepiofy MiCTATb HalbiNbLIe: a) eNeKTPOHIB;
6) HecrnapeHnx enekTPOHIB; B) eNeKTPOHHUX nap?

AKNA eHepreTUYHNA NigpiBeHb 3aNOBHIOETbLCA OCTaHHIM: a) Yy S-eNnemMeHTiB
yeTBepTOro nepiofy; 6) p-enemeHTiB TPETLOrO Nepiofy; B) s-eNeMeHTiB Tpe-
TbOro nepiofly; r) p-enemeHTiB ApYyroro nepiogy; i) d-enemeHTiB YeTBEPTOro
nepiopy?



§ 3. Oco6nuBocTi 6yaoBu aTomiB y 36ya)KeHOMY eNleKTPOHHOMY
cTaHi. BaneHTHicTb. CTyniHb OKMCHEHHA

MpurapanTte:

+ BaJIEHTHICTb — KiNbKiCTb XiMiYHMX 3B'A3KIB, AKI MEBHWI aTOM MOXe YTBOPUTU 3 iH-
WYMK aTOMaMu;

+ CTYMiHb OKMCHEHHA — Lie YMOBHWI 3apsAg Ha aToMi B Monekyni abo KpucTani, skui
BUHMK 611 Ha HbOMY, AK6YM BCi NONAPHI 3B'A3KU, yTBOPEHi HUM, Manu NOHHUIA XapakTep;

* eNIeKTPOHeraTBHICTb — 3[aTHICTb aTOMIB MPUTATYBaTU CriflbHY €NeKTPOHHY Mapy;
HanbinbLia eneKTpoHeraTMBHICTb Yy Onyopy, a HameHwa — y OpaHuito.

306ya)KeHu cTaH aToma

3a3Buuail, KOJIJMU MU TOBOPUMO PO aTOMHU UYMW MOJIEKYJIU, UAEeThCA PO
iXHifl OCHOBHUII €HEPTEeTUYHUN CTaH.

OcHo6éHuM HA3WBAIOTh TAKUU cTaH aToMa (MOJEKYJIn), ¥ IKOMY eHeprid
aroma (MOJIEKYJiM) MiHiMaJibHa. ¥ OiJbITOCTI BUOAAKIB I eHeprid Bu3Ha-
YAEeThCA POBIOLIJIOM €eJeKTPOHIiB B €JeKTPOHHiN O00OJIOHIII aToMa 3TiIZHO
3 IPUHIMIOOM MiHiMaJIbHOI eHeprii.

Byap-axuii eHepreTUYHUNA CTaH, 10 BiAPi3HAETLCA BiJl OCHOBHOTO, HA3M-
BAaIOTh 360y0dsnceHum. Y TakUi cTaH aToMu (MOJIEKYJN) MOXKYTh II€PEXOJUTH
3a MEBHUX YMOB: IIiJi yac HarpiBaHH#A, 3a YMOBHU IIOTJIMHAHHSA eJEeKTpOMar-
HITHOTO BUOPOMIHIOBAHHS (BUAUMOTO, YJIHBTPA(dioIeTOBOTO TOIIIO).

ITig yac 30ym:KeHHsS aTOMiB BimOyBaeThbCs IIEpexia eJeKTPOHIiB Ha iHImi,
MEHIII eHepreTudYHo BUTigHi opbitassi. Hanpukiazn, moig yac 30yaA:KeHHS aTo-
miB Iigporeny Ta T'esito eJIeKTPOHU TNEpPexXOAATH Ha HACTYIHI eHepreTHYHi
piBHI (30y)KeHUHA cTaH MO3HAYAIOTH 3iPOYKOI0):

< S I R - -1 N A
S p _— s p
1[1] 1]
s S

MHe 2 | [T ] ] He® 2[T| [ T ]
s p s p
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Hna TakuX eJIeKTPOHHUX IMepexXxoiB IOoTpiObHO ay:Ke Oarato eHeprii.
IIpumipom, mua 30ymsxkeHHsa atomiB Iigporenmy ix HeoOXigHO OMPOMiHUTH
JKOPCTKUM yJAbTPadioseTOBUM BUIPOMiHIOBAHHAM (TaK 3BAHUU BaKYyMHUHI
yabTpadioser) abo Harpitu mpubiamsHo o temiepatypu 35000 K (Temme-
parypa moBepxHi Coniga 6000 K).

Pisauns enepriii opbiTasieil Ha OJHOMY €HEPTETUYHOMY PiBHI HabaraTo MeH-
1118, TOMY aTOMHU BCiX iHIITMX HEMETATIUHNX €JIEMEHTIB IePeX0oqaTh y 30y IsKeHIH

hv



TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

cTaH HabaraTo Jieriie, JIJs IILOT0 HeoOXigHa eHeprisa, AKY MOKHA IIOPiBHATH
3 eHeprielo ximiunux peaxiiii. Hampukaan, nig yac 30ya:kenuna aroma Kap-
00oHY BifIOyBa€eThCA PO3MAPYBAHHS €JIEKTPOHHOI MapW Ta IepeXisl eJleKTpoHAa
Ha BiJBbHY p-op0iTasihb TOTO CAMOTO €HEePTreTHUYHOTO PiBHS:

//—\A
€ 2 [FIT1] . o€ 2[7]
p p

S h% S
1[T] 1[1]
S S

AToMu MeTaymiuHMX €JeMEeHTIB NparHyTh BiflaBaTH €JIEKTPOHU, TOMY
IysKe JIeTKO MepexondaTh y 30ymxenuii cran. HacTinibKu Jerko, 1o B Oara-
THOX BUIIAJKaX HaBiTHL Bif0yBaeThCA BTpaTa €JIEKTPOHA 30BHIIIHHOTO PiBHA
i IepeTBOpPEHHA aTOMiB Ha HOHU.

B ocHOBHOMY cTaHi aToMu MOKYTh IlepebyBaTu HECKiHUEHHO [OBTO,
a B 30ymKeHOMY — JIMIIe yacTKu cekyHau (6amspko 1078-10710 ¢). 36y-
IKeHi aToMM MOJYKYTBH YTPATUTH €Hepriio i mepeidTu B OCHOBHHII cTaH abo
CIIOJIYYUTHUCA 3 iHIIUM aTOMOM i YBiNTH O cKJaLy iHIIIOI YacTUHKHW (MO-
JEeKYJIn).

BaneHTHi cTaHM enemeHTIB

Banenmnicmio Ha3WBAIOTh KiJbKiCTh XiMiYHUX 3B’A3KiB, AKi aTOM yTBO-
PIO€ 3 iHIITIMU aTOMaMM B MOJIEKYJIi, TOOTO BaJeHTHICTh JOPiBHIOE KiJIbKOCTL
CHiTBPHUX €JIEKTPOHHUX IIap, YTBOPEHUX aTOMOM. AJje CIiJbHI eleKTPOHHI
mapu xapakTepHi TiJIbKU /s KOBAaJIEHTHOTO 3B’A3KY.

VYV OinbIiiocTi BUMAAKIB BaJIeHTHICTh BU3HAYAETLCSI KiJbKiCTIO Heciape-
HUX eJeKTPOoHiB y aromi. Hampukiaanm, aromu OKcuUreHy Ha 30BHIIITHBOMY
€HepreTUYHOMY DPiBHI MiCTATH ABa HeCIapeHi eJIEKTPOHMW, TOMY BUABIAIOTH
BasienTHicTh II.

KinbkicTh HecllapeHUX eJIEKTPOHIB B aToMaX MOJKE 3MiHIOBATMCS BHAC-
JiToK 30yI:KeHHsS aTOMiB, 3aBIIKKM YOMY aTOMH 0araThboX eJIEMEHTiB BUSAB-
JISTIOTh 3MiHHY BaJIEHTHIiCTh.

Atom XJlOpy B OCHOBHOMY CTaHiI Ha 30BHIIIHBOMY PiBHiI MicTHUTH OmUH
HecIlapeHuil eJIeKTPOH, 3a JOMOMOTO0I0 AKOT0 BiH yTBOPIOE OAWH XiMiuHUI
3B’fA30K, OTIKe, BUABJAE BajieHTHicTh I. [lormuuatoun eHepriio, ogHa 3 eJIeK-
TPOHHUX TAapP PO3MAPOBYETHCH:

€1 3 NN [T [ T] " cr* sty M) (L[ []]
s p d S p d




§ 3. OcobnuBocTi byfoBK aTOMIB Y 30ymIKEHOMY E€NIeKTPOHHOMY CTaHi. BaneHTHicTb. CTyniHb OKMCHEHHS

Yuacimimok 1mporo B aroMmi XJIOpy € BiKe TPH HecIlapeHi eJeKTPOoHWH,
OTsKe, BiH BusaBJisge BajsieHTHicTh III. Ajse i B mboMy BUIagKy Ha 30BHIIII-
HBOMY €HepreTUYHOMY PiBHI aToma XJIOpYy 3aJHINAIOTLCA ABi €JIeKTPOHHI
mapu i BinbHI d-opbOitani. Tomy 3a yMOBU HOTJIMHAHHSA HOJAaTKOBOI eHep-
rii MOMKJIMBUN Iepexis iHIINX eJeKTPOHIB Ha BinbHiI opbiraiai, saBOAKU
yoMy XJOP MOKe BUSBJIATH BaJEHTHICTH V, a TaKOX i CBOIO BUIIY Ba-
ageHTtHicte — VII.

SO 3] [F[T[T] (I 1] 0% s[f] [T[T[T] (TITITL [ ]
s p d s p d

Takum ymHOM MOYKHA BU3HAUUTH BCi MOJKJIMBI BaJEHTHOCTL A OiabIIIO-
cti enemenTiB (ta0sa. 1). Cuix 3ayBaskuTu, 1110 HA 30BHIIIITHBOMY €HEpreTHu-
HoMYy piBHI aromis HiTrporeny, Oxcureny ta @uyopy BijbHI opbiTaii BigcyTHi,
TOMY 30iJIBIIIEHHS KiJBKOCTiI HecllapeHUX eJeKTPOHIB IJisd HUX HEMOXKJIUBE.

Tabmuusa 1. MoskauBi BaJeHTHOCTi S- Ta p-eJleMeHTIB,
BU3HAUYEHi 3a 0y/0BOIO aToMa

I'pyma IIC* I 1I ImI | IV A% VI VII
Buia Vv VI VII
BaJIEHTHICTb I 1 gt v (xpim N) (xpim O) (xpim F)
Mosiemml - | - | - | 11T I, IV LI,V
BaJICHTHOCTI

* 3a KOPDOTKUM BapiaHTOM.

MoXxnuBi CTyneHi OKNCHEHHA eNleMeHTIB

IJia BCixX eJleMeHTIB y HeOPraHIiUHMX pEUOBMHAX HE3AJEKHO BiJ TUITY Xi-
MIiYHUX 3B’A3KiB 3aCTOCOBYIOTH YHiBepcajabHe MOHATTA — CMYNiHb OKUCHEeHH,
10 XapaKTepusye KiJbKiCTh MPUUHATUX a00 BiIJaHMX aTOMOM eJIEKTPOHIB.

CryneHi OKMCHEHHS, AKi eJleMeHTH 3MaTHI BUABJIATU B PiBHUX CIIOJY-
Kax, y OijpIIocTi BUIIAAKIB MOKHA BUBHAUNTH 3a OYAO0BOIO 30BHIIIHLOT'O
€HEepreTUYHOr'0 PiBHA IX aTOMiB.

AToMu memaniitHux enemenmié TIIBKUW BiITailoTh €JIEKTPOHHU, TOMY
B CIIOJIyKaX BOHM BUABJAIOTH NO3UTHBHUI CTYIiHb OKMCHeHHA. Moro sHa-
YeHHA B 0araTboxX BUMOAAKaX (3a BUHATKOM d-eJIeMeHTiB) JOPiBHIOE KiJbKOCTi
€JIEKTPOHIB Ha 30BHIITHBOMY PiBHi, a 0T:Ke, 1 HOMepy rpynu B Ilepioguuniit
cucreMi (KOpPOTKOMY BapiawTi).

ATtoMu HememaniuHux enemenmié MOKYTh BUABJIATH SIK IIO3UTUBHUII,
TaK i HeraTuBHUI CTYIIiHb OKMCHEHHS 3aJeKHO BiJl TOTO, 3 aTOMOM SKOTO eJe-
MeHTa BOHM YTBOPIOIOTH 3B’ A30K. SIKIIO eeMeHT 0iJIbIll eJIeKTPOHETaTUBHUIM,



TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

TO WOTO0 aTOMH CHUJBbHIiIlIe IPUTATYIOTH €JeKTPOHU BiJ iHIIMX aTOMiB, i BiH
BUABJISIE HETATUBHUM CTYIIiHL OKHUCHEHHS, 1 HABIIAKMU.

CrymneHi OKMCHEHHS HEMETAJNIYHNX eJIEMEHTIB y pasi mpuiioMmy eJIeKTPOHiIB

AroMu HeMeTaJiuHMX eJeMeHTIiB Ha 30BHIIITHbOMY €HEePreTUYHOMY PiBHi
MicTaTh 4 1 GibIle eJIEKTPOHIB, TOMY BOHU HacamIiepel] TParHyTh NPUlHAMU
eJleKkmpoHU Ha 30BHIITHIN piBeHB, 11100 3100yTH eJIeKTPOHHY KOHGirypalio aTo-
Ma iHepTHOro enemeHnTa. Hampukian, y aroma @iryopy Ha 30BHIIITHBOMY PiBHI
7 eJIeKTPOHIB, BiH MOKe NMPUUHATH OO0 OKTETY TiJIbKK 1 €JeKTPOH, YHACJIiIOK
YOro BiH NEPEeXOAUTH Y CTYIIiHb OKMCHEHHS —1, III0 € HIKYUM AJId Diryopy:

oF®  2[1] CoF T 2]
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eneKTpoHHa KoHdirypauis
Taka cama, K B aTomiB HeoHy

Y npomy mpoleci yacTuHKAa crae 0iibIln cTabiJibHOIO, OTIKe, il eHepria
BHI)KYETHCA.

SAKMmIo 1o okTeTy OpaKye OiJbIlle eJeKTPOHIB, TO HUMKUUNA CTYIiHb OKMC-
HeHHs Oyne iHIIMM:

N° 2 ) N7 2
+3e s p

S

p
1 1522522p3 1 1522522p5
s

S

eNeKTPOoHHa KoHirypauis
Taka cama, K B aTomiB HeoHy

CryneHi OKMCHEeHHSA HEeMeTAJiYHUX eJIEMEHTIiB y pasi BTpaTH eJIeKTPOHIB
YrBOpIoOUY 3B’A30K i3 OiJIbII eJIeKTPOHETaTUBHUM €JIEeMEHTOM, aTOMU He-
MEeTAJIIYHUX eJIEMEHTIiB YaCTKOBO BTPAYAIOTh €JIEKTPOHU 30BHIIITHBOTO PiBHS,
yepes II0 HA HUX BUHUKAE TO3UTUBHUN 3apan. IIpore eleKTpPoOHU BCe OIHO
nepebyBalOTh Y CILJIBHIX €JIeKTPOHHUX MHapax i HajlesxaTb 000M aToMaM, MisK
SAKAMU BUHHUKAE 3BA30K, II[0 BKOTPE AEMOHCTPYE, IO CTYIIiHbL OKUCHEHHI —
e yMoBHUM 3apsazn. Hacammepen B yTBOPeHHI 3BA3KiB 0epyTh y4yacThb HecIIa-
peHi eleKTpoOHU, 10 € Oiabln pyxomuMmu. Hanpuriaan, B aromis Kapbony Ha
30BHIIITHBOMY PiBHi JBa HecIlapeHi eJeKTPOHMW, caMe iX BiH MoOKe BigmaTu
y TepIiy Yepry, BHACIIJOK YOTO MEePexXOAUTb Y CTYIiHb OKUCHEHHS +2:
¢C’ 2 KN ¢C? 2 T[]
s p

S p —=f 5
1 1522522p2 1 152252
s

S



§ 3. OcobnuBocTi byfoBK aTOMIB Y 30ymIKEHOMY E€NIeKTPOHHOMY CTaHi. BaneHTHicTb. CTyniHb OKMCHEHHS

Axmro arom Kapbony mepebyBae y 30ya:KeHOMY CTaHi, TO BiH Biggae Bci
€JeKTPOHU i3 B30BHIIIHBOTO PiBHA i MEPEXOAUTH Y CTYIIiHb OKMCHEHHS +4,
o € Bumum Ajaa Kapbony, 3mo0yBaioun eIeKTPOHHY KoH(irypailirzo aroma
iHepPTHOTO ejIeMeHTa:

6C°" 2[ 1] e 2] L]
S P s S p
1 1522512p3 1 152 enekTpoHHa KoHirypauis
S

S Taka cama, AK B atomiB lenito
Or:xe, I BU3HAUEHHS MOYKJINBUX CTYIIEHIB OKMCHEHHS HeMeTaJTiuHuX
eJIeMEeHTIiB MOKHa CKOPHCTATHUCS 3araJibHOI0 CXeMOIO:

ATOMWN HeMeTaniuHuX enemeHTiB MicTATb
Ha 30BHilWHbOMY pPiBHi 4 i 6inblue enekTpoHiB

pm

[

Y nepluy yepry BOHM BiafaloTb Hecrnape-
Hi eneKTPOHM 30BHILUHBbOIO PiBHA i Nepe-
XOAATb Y NPOMiXHUU CMYNiH6 OKUCHEHHS,
O [OPIBHIOE KiNbKOCTI BigAaHuX e~

BoHM mpuimatoTb Ha 30BHILLHIN piBEHb
TaKy KinbKiCTb eeKTPOHIB, Lo iM 6paKkye
[0 KoHirypauii aToma iHepTHOro enemeH-
Ta: 8 — KiNbKiCTb e~ 30BHIlUHbOrO piBHA

v

v

A TakoXX MOXYTb BifdaTn BCi €NeKTPOHU
30BHILIHbOrO PiBHA, HabyBatoun KoHbiry-
pauil aToma iHepPTHOro enemeHTa, i nepen-
M y 8uWull CMyniHb OKUCHEHHA, Wo [0-

YHacnigoKk Lboro enemMeHT nepexoautb

Y HUXYUU CMyniHb OKUCHEHHS, WO [OPIBHIOE:
-(8 - KinbKicTb €~ 30BHILUHbOTO PiBHA)
260 —(KinbKicTb NPUIHATUX €7)

PIBHIOE KiNIbKOCTi e~ 30BHilUHbOTO pPiBHA

OCKi/TbKY KiJBbKIiCTh €JIeKTPOHIB HA 30BHIIIHBOMY PiBHI 30iraeThbcs 3 HOMeE-
poMm rpynu (kopoTkoro BapianTta IIC), To BUIIUII CTYIiHb OKMCHEHHSA HeMeTaJid-
HUX eJIEMEHTiB JOPiBHIOE HOMepPy rpynu (3a BUHATKOM Diayopy Ta OKcureny).

ITeBHa piu, A BCAKOTO MpaBMJja € BUHATKHU, aje B POSTJISHYTHUHN CIIOCio
MOJKHA BU3HAUUTHU MaiiKe BCi MOMKJINBI CTyIeHI OKMCHEHHS IJIA OYIb-TIKUX
s- Ta p-eJieMeHTiB (Tabi. 2).

Tabauusa 2. MoskauBi cTyneHi OKMCHEHHA S- i p-eJleMeHTIB

I'pymna IIC I II | III v A% VI VII VIII
Bummit crymize |, o | g | 4y +5 . 7 0
OKUCHEHHHA (xpim O) | (xpim F)
l—I‘pOMl?{CHI/II/I CcTy- 42,0 | 43,0 +4, +2, +5, +3, 0
HiHb OKMCHEHHSA 0 +1,0
Huxuwnii cryninb 0 0 0 4 _3 9 1 0

OKHMCHEHHSA




TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

~
T/.(: :
-3

2/

s

KnwouoBa igesa

bynoBa 30BHiWIHbOro eHepreTMYHOro PiBHA aTOMIB 3YMOBJIIOE MOXJIVBI BasfleHTHI
CTaHW Ta CTYMNeHi OKNCHEHHA XIMIYHUX eNeMeHTIB, a OTXe, 1 MOXNMBI XiMiuHi cno-
NYKW, AAKi BOHV YTBOPIOIOTb.

KoHTponbHi 3anuTaHHA

28.

29,

30.

31.
32.

33.

34.

35.

MOACHITD, {0 Ha3MBalOTb OCHOBHUM Ta 30Y[A>KEHUM CTaHaMV aTOMIB.

Lo BinbyBaeTbCA 3 eNEeKTPOHHO 0O0SIOHKOK aTOMIB Mif Yac nepexomy ato-
Ma 3 OCHOBHOIO CTaHy B 30y[»KeHui, i HaBnakmn? AKi eHepreTUYHi piBHI Ta op-
6iTani MOXyTb ByTV B LbOMy 3afisHi?

[ante BM3HAYEHHA NOHATb «BANEHTHICTb» i «CTYMNiHb OKNCHEHHA»? Y yomy no-
NIAra€ CNiNbHICTb | YAM BOHM Bifpi3HATbCA?

Yomy He MOXHa 3aCTOCOBYBATU MOHATTA «BANIEHTHICTbY ANA NOHHUX CMOAYK?
Hasepitb rpadiuHi enekTpoHHi dopmynu atoma Xnopy B OCHOBHOMY Ta 30y-
OXEeHNX CTaHax.

CxapaKkTepun3ynte, AKi CTyMeHi OKUCHEHHA € MOXIVBUMWU ANA MeTaniyHuX
Ta HeMeTaniYHNX efleMeHTIB.

EnekTpoHHi KoH®irypauii atTomiB AKMX XiMIYHUX eNleMeHTIB € HalcTabinbHi-
wmmm?

MoAcHiTb, AK MOXHa 3a Micuem XiMiyHMX enemeHTiB y lepiognyHin cncremi
BM3HAUUTU X MOXJINBI BaNIEHTHOCTI Ta CTYNeHi OKUCHEHHA.

3aBaHHA ANA 3aCBOEHHA MaTepiany

36.

37.

38.

39.

40.

41.

42.

MoAcHiTb, yomy gna Onyopy xapakTepHUN TifbKN HEraTUBHWI CTYMiHb OKMNC-
HeHHA?
Bu3HauTte BaneHTHICTb i CTYNiHb OKWCHEHHSA BCiX efleMeHTiB y HaBefeHUX Cro-
nyKax:

Br H F F F F
| | | N F_!

a) /P\ 6) H-C-Br B) /Cl r) Xe n) |:>I—F
Br Br H FF F* °F ¢

3a micuem enemeHTiB y lNepiognyHin cMcTemi BU3HaUYTE MOXIVBI BaNl€HTHOCTI
M cTyneHi oKMcHeHHs: a) Py6igito, 6) CTpoHuito; B) ®ocdopy; r) Bpomy; a) Ap-
CeHy.

BusHauTe cTyneHi OKNCHeHHA enemeHTiB y cnonykax 3 lNgporedom: CH,, NH,,
H,S, HCl, CaH,,.

BusHauTe cTyneHi okmcHeHHs enemeHTiB y pedosuHax: AlF,, BaCl,, Cas, K;P, 1,
N,O,, Pbdl,, CI,0,, Brl,, NaF, P,, Cul,, MgS, CF,, Ca0, CS,, Al,C,, PCl,, Fe,S,.
306pa3siTb cTpyKTypHi dpopmynu monekyn: O,, OF,, H,O,. BusHauTe BaneHTHO-
CTi Ta CTyneHi OKMCHeHHA OKcureHy B LMX MOJIeKynax.

B atomiB Xnopy B 36ya)keHOMY CTaHi Ha 30BHILUHbOMY eHepreTVYHOMY PiBHi
Moxe 6yTn 3, 5 abo 7 enekTpoHiB. YoMy Xnop He BUABNAE CTyNeHi OKNCHEHHSA
-3, -5 1a =77 Yn € ximiuHi enemeHTH, WO BUABNAOTb HEraTMUBHI CTYMeHi OKNC-
HEHHA 3 MOBHICTIO PO3NapOBaHNMK €NeKTPOHHNMI napamu?



§ 4. BnacTuBOCTI XiMiYHUX €NeMEHTIB Ta iXHiX CMONYK Ha OCHOBI YABNEHb NMPO eNeKTPOHHY Oy[oBy aTomiB

43.

44,

Cknapitb eneKkTpoHHi rpadiuHi opmynu atomis Oepymy B 30yaKeHOMY CTaHi,
y IKOMY BiH MOXe BUABMATU CTYMEHi OKMCHEHHA +2 Ta +3.

CKnapgiTb eneKkTPOHHi rpadiyHi Gopmynn 30BHILLHbOFO EHEPreTUYHOrO PIiBHA
aToMmiB B OCHOBHOMY Ta 306ya»keHoMy cTaHax: a) Cuniuito; 6) ®ocdopy; B) Cynb-
dypy; 1) AproHy.

S>aBAaHHA 3 PO3BUTKY KPUTNYHOIo MNC/IeHHA

45.

46.

47.

MakcumanbHa BaneHTHICTb Ta CTyMiHb OKMCHeHHA OKcureHy Ta Onyopy Bia-
pi3HATbCA Big HOMepa rpynu epiognyHol cuctemu, y AKin BOHW po3Ta-
wosaHi. A ana atoma HiTporeHy mMakcvmasnbHUI CTYNiHb OKUCHEHHA i MaK-
CMMaiibHa BaNeHTHICTb He cniBnagaloTb. Ynm, Ha Bally AYMKY, Lie MOXHa
NOACHUTU?

fIK BN BBaxaeTe, yomy B OKCUreHy BUMLLMIA CTYMiHb OKUCHEHHA +2 i BiH He
cniBnaga€ 3 BULWMM CTYMEHEM OKMCHEHHA iHLWUX eNleMeHTIB oro nigrpynu?
EnemenTn VIIIA rpynu Ha3uBaloTb iIHEPTHUMM Yepes AyXe HU3bKY XiMiuHYy aK-
TUBHICTb. Ane 3a ocTaHHi 60 pokiB ANA GINbLWOCTI 3 HUX OfEPXKaHO CMONYKHU,
Hanpuknag KrF,, XeF,, RnO,. OgHak ans lenito Ta HeoHy XKO[HOI KOBaNEHTHOI
CNONYKW LWe He ofepaHo. AK MOXHa MOACHUTW Ui dakTu, rPyHTYIOUMCb Ha
6ynoBi eNeKTPOHHOT 0O0NIOHKU aToMiB?

§ 4. BnacTnBOCTi XiMiYHMX eNemMeHTiB Ta iIXHiX cnonyk
Ha OCHOBi yABJIeHb NPO eNeKTPOHHY O6yz0By aTOMmiB
MpurapanTe:

MeTaniyHi eneMeHT! yTBOPIOKTb MPOCTi PEYOBUHWM MEeTanun Ta CMoJyKN MepeBakHO
3 OCHOBHVMW BNAaCTUBOCTAMMU;

HemMeTaniyHi eneMeHTN yTBOPIOTb HEMETaNM Ta CMOYKX NepeBaXHO 3 KACIOTHUMMU
BNTAaCTUBOCTAMU;

OKNCHUK — YaCcTUHKA (PEYOBMHA), WO B XIMIYHUX B3AEMORIAX NPUIMAE eNeKTPOHH,
BiIHOBHUK — Ta, WO BiggaeE.

MepioanyHicTb y 3MiHi 6yfOBM eNeKTPOHHMX OBOJIOHOK aToMiB

B enementiB oxHiel migrpynu noxioHa esieKTpoHHA KOoH(Irypallis aToMis.
Hanpuraazn, B aromax Kap6omy i# Cumirimiro, 1mio posmiirnexi B ueTBepTiit
rpymi IlepioguuHoi cucTeMu, Ha 30BHIITHBOMY PIiBHI MIiCTUTBCA IO YOTHUPU
eJeKTPoHU (Ha S- Ta p-opbiTanax). BigminuicTs guie B Tomy, mio B Kapbory
30BHIIIIHIM € APYruii eHepreTUYHUil piBeHb, a B Cuiimito — Tperiii. OTiKe,
i ABi mapm eJIeMeHTIiB € eJleKMPOHHUMU AHAJL02AMU.

Byodosa 306HiUWLHB020 eHepzeMULHO20 Pi6HA AMOMIE XIMIYHUX e/leMmeH-
mieé o0Hi€l nidzpynu € nodionoro (man. 4.1, c. 20), BOHU € eJeKTPOHHUMU
aHaJoramMm i BHACJiOK IIhOT'0 MAIOTh IOMiOHI XimMiuHi BIaCTHBOCTI.



TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

st s?

1] 2

sl s2 pl pZ p3 p4 p5 p6

9| 3] 4 of 3678920
Li | Be B|C|N|O|F |[Ne
11 [ 12 13141516171

3| Na | Mg d' a2 d® d* d° 4% d7 d® d° d° 3 A? si 1)5 sﬁ cl Af
4 [PL9[120 21[22]23[24[25[26[27[28]29]30 31[32]33[34(35]36
K | Ca 4| sc|mi| v |cr|Mn|Fe|co|Ni|cul|zn 4| Ga|Ge | As| se | Br | Kr

5 37 | 38 39|40 | 41 |42 |43 |44 | 45 [ 46 | 47 | 48 49 [ 50 [ 51| 52| 53 | 54
Rb | Sr 50y | zr | Nb| Mo | Te | Ru | Rh | Pd Ag | Ccd 5t |sn|sb|me| 1 |Xe
6 | 22%ma6 717273747576 |77 |78 79|80 81 (82|83 [84]85]86
Cs | Ba 6 Lu |Hf [ Ta| W |Re | Os | Ir | Pt | Au | Hg 6 Tl | Pb | Bi [ Po | At | Rn
7|87 |88 7/108{1041105/106 [107/108[109 | 110111112 7 113|114 [115]116] 117|118
Fr | Ra Lr |Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn Nh | Fl [Mc| Lv | Ts | Og

fl fz f3 f4 f5 fﬁ f7 f8 f9 flO fl 1 f12 fl 3 f14
6 57 | 58 | 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70

La | Ce |Pr [Nd |Pm|Sm|Eu|Gd | Th | Dy | Ho | Er | Tm | Yb
89 (90 [ 91 |92 |93 |94 |95 |96 |97 | 98 |99 |100|101|102
Ac (Th |Pa| U |Np|Pu|Am|Cm | Bk | Cf | Es | Fm | Md | No

Man. 4.1. EnektpoHHa KoHirypauia nigpiBHA, WO 3anoBHIOETbCA OCTaHHIM
B aTOMiB efleMeHTiB pi3HuX nigrpyn lNepiognyHoi cnctemun (AOBrun BapiaHT)

MNepiognyHicTb Y 3MiHI BNacTMBOCTEN enemMeHTiB
Ta IXHIX CNONyK
Y 8 kmaci Bu BuBuasu Ilepiogmunuii 3aK0H:

.\ BrnacTnBoCTi XiMiYHUX enemMeHTIB, MPOCTUX PEYOBUH, @ TAKOX CKNag i BMaCTUBOCTI
P @ cnonyk nepebyBaloTb y NepioAnYHiil 3aNeKHOCTI Bif 3HaUeHb 3apAaiB Afep aTOMIB.

3BepTranuu yBary Ha OyJOBY €JeKTPOHHUX OOOJIOHOK aTOMiB, MU Oaum-
MO, IIIO 3i B30iJMBINIEHHAM 3apany AIpa aTOMIB IEPiOAUYHO IIOBTOPIOIOTHCS
€JeKTPOHHI (POopMyJ/iM B30BHIIIHIX eHepreTMUYHUX pPiBHIB aTomiB. OCKiabKu
caMe BiJ 30BHIIIIHBOTO PiBHA HacaMIlepe] 3aJjiesKaTh BJIACTUBOCTI eJeMeHTiB
Ta IXHiX CIOJYK, TO TaKa MEepPiogMWYHIiCTh 3MiHM eJIeKTPOHHOI KoHdiryparii
aTOMIiB IIOSICHIOE cIpaBemauBicTh IlepiogmuHoro 3axkomy.

Pagiyc aToma

+ 31 30i/IbIIIEHHAM ITOPALKOBOTO HOMEPA eJIeMeHTa B I'OJIOBHUX IiArpymnax
30iJbINTyeThCA KiMTbKICTh eHepreTUYHUX PiBHIB, 1110 3aTIOBHIOIOTHCSA €JIEKTPO-
HaMH, TOMy padiyc amomié ximiuwHux enemenmié 0OHIEL 2pynu 36inbuLy-
embvea 3i 30iibULEHHAM NOPAJK06020 HOMepa eleMeHma.

+ B aromiB xXiMiuHUX ejleMeHTiB OJHOTO MeEPioAy KiJbKiCThL eHepreTuy-
HUX PiBHIB, IO 3aII0BHIOIOTHCSA, OLHAKOBA. AJjie 31 30iJbIIIEHHAM IIOPAI-
KOBOT'0 HOMepa XimiuHOro ejieMeHTa 3apdAl dApa IIOCTYIIOBO 30iJbIIYETH-
cs, 10 COPUUYMHSIE CUJIbHIINIE IMPUTATAHHS eJIeKTPOHIB A0 Anpa, i ToMy 3i
36inbwenHAMm NOpadKo6020 HOMepa enemenma 6 nepiodi padiyc amomie
nocmynoéo 3menuyemovea (Maa. 4.2).
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+ 36inblUeHHA KifIbKOCTi eNeKTPOHIB Ha 30BHILLIHbOMY PiBHi

» 3MeHLUEeHHA pafdiyca aTomiB

« 36iNblUEHHS €NEeKTPOHEraTUBHOCTI

« MNocuneHHsa HemeTaniyHUX BNACTMBOCTEN

« [oCcnNeHHs OKNCHUX Ta NOCNabNeHHs BiHOBHUX BNACTMBOCTEN
« MNocuneHHA KUCNOTHUX BNAacTUBOCTEN OKCMAIB i rigpaTiB okcuais

Man. 4.2. lMNepioAnyHICTb Yy 3MiHi BNacTUBOCTEN XiMIYHMX eNleMeHTIB Ta iXHiX aTomiB

EJeKkTpoHeraTuBHICTH €JIeMeHTiB

+ ¥ mepiomax KiJIbKiCTh €JIEKTPOHIB HAa B30BHIITHBOMY €HEPTETUUYHOMY
piBHiI Ta 3apsang Axpa aTOMiB IIOCTYIIOBO 30iJIbINYETHCA. YHACHIiZOK IIHOTO
3MEHIIIYETLCA 3JaTHICTL BiggaBaTu eJIeKTPOHY i 30iJbIIyeThCSa 34aTHICTD IX
mpuiiMaTH, a OTKe, i 30iJbIIYyEThCA IMPUTATAHHSA CIIJIBHUX €JeKTPOHHUX
map, To0To 3i 30in1bUEHHAM NOPAIK06020 HOMepPA elleMmeHma 6 nepiodax
eneKmpoHezamuéricms 36inbulyembobes.

* B etemeHTiB ofHiel rpynu eleKTPoHHA KOH(piryparia aromis moxgioHa,
ajie KiJIbKiCTh 3alIOBHEHUX €JEeKTPOHHUX IIapiB IOCTYIIOBO 30iJbIITYyETHCA.
I uum pmani Bim axgpa mepeOyBae 30BHIIIHINT €JI€eKTPOHHUU IIap, TUM BajKue
AAPY OPUTATYBATU CIiJbHI €JeKTPOHHI mapu. YHACHiZOK IIhOro 3i 30ijb-
IIIeHHAM IOPiZKOBOTO HOMepa eJeMeHTa 6 2PYnax enleKmpoHezamueHicmbs
3amenwyemovca (Man. 4.2).

Meraxiuni it HemeTadiuHi BJIacTUBOCTI

IlepioguuHicTh 3MiHM eJeKTPOHHOI KOoHQirypaiii atromiB, 3apanis amep
aTOMiB Ta eJIEeKTPOHEraTHUBHOCTI eJIeMEeHTiB 3yMOBJIIOIOTH TAKOXK IXHIO 37aT-
HiCTHL BUABJATH MeTaJiUuHiI Ta HeMeTaJiuHi BJIacTUBOCTI.



TEMA 1. MEPIOANYHUIA 3AKOH | MEPIOAUYHA CUCTEMA XIMIYHWUX EJIEMEHTIB

OT:xe, y nepiodi 3i 30inbuLeHHAM NOPAOK06020 HOMePa MemaniiHi 61a-
cmueocmi ejleMeHmié nocaAabaoOmMbCA, A& HeMemaiiiHi — NOCULIOIOMbCA.

+ B enemMeHTiB onHiel miarpynmu ejieKTpoHHA KOH(pirypailia aTromiB 30-
BHIIITHBOTO PiBHA oxHaKoBa. 3i 30iablIeHHAM pajgiyca 30BHIIIIHI eJIeKTPOHU
Jiermie BTPadyaTH, TOMY 6 2pynax 3i 30iivuleHHAM NOpPidK06020 HOMepa
elemenma memaniuHi eénacmueéocmi nocunrwiomsvcs. Pasom i3 mum 3i
30i7bIIIeHHAM pajniyca 6 zpynax 3i 36inbuleHHAM NOPidK06020 HOMepa
HemMemaniuHi 61acmusocmi eiemenmis nocarabaoomosca. Meraaiuui Biaa-
CTHUBOCTi eJIeMeHTiB OofHiel miArpynu HaWcuJIbHIiIIe BUPAYKeHi B eJeMeHTiB
i3 HalbiAbIIUM pamiycoM (HANOiABIIIUM IMOPSAAKOBUM HOMEPOM), a HeMeTa-
JiYHi — B eJIEMEHTiB i3 HallMeHIIUM pajiycoM (HalMEHIINM ITOPAJKOBUM
Homepom) (mau. 4.2).

OKUCHO-BITHOBHI BJIACTHUBOCTi ITPOCTUX PEYOBHUH

3 MeTaJIivYHUMHU Ta HEMETAJiUYHUMU BJIACTUBOCTSIMU XiMiUHUX eJeMeH-
TiB TicHO TOB’sA3aHi ¥ OKMCHO-BiJHOBHIi BJIACTHMBOCTI TMPOCTHUX PEYOBUH,
110 BOHU YTBOPIOIOTh.

OckKiJbKM MeTaJiuHi BJIacCTHMBOCTI IIOB’sA3aHi 3i 3maTHiCTIO aToMiB Bigma-
BaTH €JIeKTPOHU, TO UMM aKTUBHIIINK MeTay, TUM CUJLHIIIINM BiTHOBHU-
KoM Bim €. Tax camo 11070 HeMeTaJiUHMX BJIACTUBOCTEMH, [0 OB’ sa3aHi 3i
3JaTHICTIO mpUNMaTU eJeKTPoHU. UuM aKTUBHIIII HeMeTaJliuHi BJIacTuU-
BOCTi, TUM CHUJBHIIIIMM OKMCHUKOM € PEeuYOBUHA.

+ YV nepiodax 3i 36inbuteHHAM NOPAIK06020 HOMepa Gi0HO6HI 61a-

crmueocmi enemenmié nociabiomsvbes, a OKUCHL — NOCULIOIOMBCA.

* YV 2pynax 3i 36invuennam nopadKkoeozo nomepa 6i0HO6HI 6racmu-

8o0cmi enemenmié NOCUnLOIMbCA, A OKUCHL NOCLAONI0I0MbCA.

KucioTHO-0CHOBHI BJIACTHMBOCTI OKCHUIIB Ta rigpartiB okcuais

3 MeTaTiYHUMU Ta HEMETAJIYHUMU BJIACTUBOCTAMU XiMIiUHMX eJIeMeHTiB
TAKO0K TiCHO HOB’sI3aHi KMCJIOTHO-OCHOBHI BJIACTHMBOCTI IX OKCHAIB Ta rimpa-
TiB ix okcuziB. Tak, Bu BiKe BUBYAJU, IITO0 METAJTIUHI eJIeMeHTH YTBOPIOIOTH
IIepeBa’KHO OCHOBHI PEUOBMHU, a HeMeTaIiuHi — KwucaoTHi. IIpoananisyiiTe
3MiHY BJIACTHBOCTEH CIOJYK y Tabauii 3.

Ax mMoxkHa mobaumMTU, 3 MHOCJAOJEHHAM METAJiuHUX Ta MOCUJIEeHHSIM
HeMeTaJiUHUX BJACTHUBOCTEH XiMiUHMX eJIeMeHTiB XapaKTepPHO 3MiHIOIOTLCA
BJIACTUBOCTI iXHiX OKcuIiB Ta rigpariB oxkcuais. EjleMeHTH Ha IIOYaTKy
mepiofy yTBOPHOIOTH OCHOBHI peuoBumHHM (OKcuam Ta rigpoxcupmu). Ilorim
OCHOBHI BJIACTHBOCTI 10ocaab/00ThCs: AOMiHIN yTBOpIOE BiKe aMm(poTepHi
CHONYKM, AKi BUABJSIOTH 1 KHMCJIOTHi, 1 ocHOBHI BiaacTuBOCTi. A Hemera-
JiYHI eJleMeHTU YTBOPIOIOTH KWCJIOTHI PEYOBUHU, TPUUOMY Ha IIPUKJIALI
rizpariB okcunaiB mobpe BUIHO, sSIK BOHM 3MiHIOIOTBHCS: Bifg caabkoi cuii-
KaTHOI KHCJIOTH 0 Ayske cuiabHOI mepxJopartHoi kucaoru (HCIO, — onma
3 HAUCUJBHIMINX KHCJOT).



§ 4. BnacTuBOCTI XiMiYHUX €NeMEHTIB Ta iXHiX CMONYK Ha OCHOBI YABNEHb NMPO eNeKTPOHHY Oy[oBy aTomiB

Taoauga 3. KMcaoTHO-OCHOBHI BJIACTHMBOCTI OKCHIIB
Ta IXHiX rigpariB ejieMeHTIiB TPeTHOro Iepiomay

OsHaka miusa

dopmyau Ta BIaCTUBOCTI

MOPiBHAHHSA
XapakxTrep Mera- | Mera- Mera- |Hemera- |Hemera- | Hemera- | Hemera-
eJeMeHTa JiYHUE | JHYHUA | JTiYHAR | JiYHUA | JiYHEUA | JIYHEAE | Ji9HE3i
Burmuit

Na,O MgO Al O Sio P,O0 SO Cl,0
oKCHT 2 g 2Y3 2 2V 3 2V7
Xapaxrep Ocuo6B- |OcuOB- |Ampo- |Kwucuaor- |Kwucior- | Kuciaor- | Kucaor-
BJIACTHBOC- HUH HUH TEepHUN |HUHT HUH HUU HU
Te# BUIIIOTO
OKCUTY
Tigpar Bu- .
AP NaOH |Mg(OH), |Al(OH), | H,Si0O, |H,PO, |H,SO, |HCIO,
IIIOT0 OKCULY
XapakTe Cunbua |OcuoBa |[Am@o- |Cmaabxa |Kwucmo- |Cunpra |Hyixe
-ap P OCHOBa TepHUil |KUCJIOTa |Ta ce- KHCJIOTa | CUJIbHA
rigpaTy BU- . .

(ayr) rigpo- penHboI KHCJIOTa
III0T0 OKCULY

KCHU[ CUIN

OTsKe, BJIACTHUBOCTI XiMIiUHUX ejJleMeHTIB Ta

T KniouoBa ipes
-9

iXHIX CIIOJYK IIepiogUYHO
3MiHIOIOTBCS, IO 3HAYHOIO MipOI0 3yMOBJIEHO MepPioAMYHicTIO 3MiH y OymI0-
Bl eJIeKTPOHHUX 000JI0HOK aTtoMmiB. A ®PpaHiiii Ta ®ayop — peKOpACMeHU
3a OaraTbMa BJacTuBocTAMEu (Maj. 4.3).

BnacTMBOCTi XimMiYHVX €NeMeHTIB, NPOCTUX PEYOBNH, a TaKOX CKMaf i BNacTUBOCTI
crnonyk nepebyBatoTb Y NepioanyHIn 3anexHOCTi Bif 3HaueHb 3apsAiB Aaep aToMmis.

Cep Binbam Pam3san

(1852-1916)

HanmeHwwin papiyc atoma %He

F

Halnbinbla enekTpoHeraTnBHICTb
HancunbHiwi HemeTaniyHi BNacTUBOCTI
HancumnbHIiWNM OKUCHMK

HobeniBcbkumin naypeat 1904 p.
BigKpuB iHepTHi enemeHTH, 06-
rpyHTYBaB ix micue B [Mepiognu-

Hin cuctemi

Fr

Haibinblunii pagiyc atoma
HameHLwua enekTpoHeraTuMBHiICTb

HancunbHiwi meTtaniyHi BNacTMBOCTI

HancnnbHiwmn BiAHOBHUK

Man. 4.3. XimiyHi enemeHTV 3 pekopAHUMMN BAACTUBOCTAMM
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KoHTponbHi 3annuTaHHA

48.
49.

50.
51.

52.

s

53.
54.
55.

56.

57.

Yvm 3ymoBneHi meTaniyHi Ta HemeTaniyHi BNacTUBOCTI efieMeHTiB?

Ak 3a [NepiognyYHO CUCTEMOI BU3HAUYUTU KiNbKiCTb BaNeHTHUX eNeKTPOHIB
B eIeKTPOHHNX 060MOHKaX aTOMIB XiMIYUHUX €NeMeHTiB FoNoBHUX Nigrpyn?
Yomy aTomu npuiimaioTb abo BifAaloTb eNeKTPOHN B XiMIUHUX peakLuifax?
CxapakTtepu3yiTe Ta NOACHITb 3MiHM B Nepiogax Ta rpynax: a) CUavm NpUTAraHHA
BAJIEHTHUX €/IEKTPOHIB A0 AApa; 6) MeTaniuHMX Ta HEMETaNiYHMX BNACTUBOCTEN;
B) pagiyca aToMmiB; I) eneKTPOHEraTUBHOCTI €NeMEHTIB; A) OKMCHO-BiAHOBHMX
BNIACTUBOCTEN MPOCTMX PEYOBUH; €) KACIOTHO-OCHOBHMX BNACTUBOCTEN OKCU-
AiB Ta rigpatiB oKcuais.

Ha3BiTb enemeHT, o Mae: a) HaNbinblly eNeKTPOHEraTMBHICTb; 6) HallMeHLLy
€NeKTPOHEraTMBHICTb; B) HaMbinbluMiA pagiyc aToma; r) HaMeHLNA pagiyc
aToMa; [1) HaWCWUIbHIWI MeTaniyHi BNacCTUBOCTI; €) HAaUCWAbHILI HeMeTaniuHi
B/IACTMBOCTI.

3aBAaHHA ONA 3aCBOEHHA MaTepiany

MosAcHiTb, YoMy Hatpin i Kanin € eneKTpoHHUMMN aHanoramu.

AKNIN enemeHT Jpyroro nepiofy € enekTPOHHUM aHanorom MarHito?

AKi XiMiYHi enemeHTN € enekTPOHHUMK aHanoramu: a) Kap6oHy; 6) Hitpore-
Hy? CKnagiTb eneKTpoHHY GopMysy aToMa OAHOrO 3 HUX Ta CXapaKTepu3ynTe,
Yy YoMy nonsrae nofibHicTb y BNACTUBOCTAX €NEMEHTIB Ta TXHIX CMONYK.
Cknagitb rpadiuHi eneKTpoHHi GopMynM aTOMIB efleMeHTIB i3 NopAfKOBUMMN
Homepamu 11, 13 Ta 15. Cknagite popmynu ixHiX BMLLMX OKCUAIB Ta rigpatis
okcupais. MopiBHANTE iXHi: @) MeTaniuyHi Ta HemeTaniyHi BNacTUBOCTI; 6) enek-
TPOHEraTUBHOCTI; B) OKMCHO-BIAHOBHI BNacTMBOCTi MPOCTUX PEYOBUH; ) KNC-
JIOTHO-OCHOBHI BNIaCTUBOCTI OKCUAIB i FigpatiB oKCuais.

HaBegfiTb no ogHOoMy npuknagy enemeHTa TpeTboro nepiogy, Wo: a) € ak-
TUBHIWLMM MeTaniyHumMm enemeHTom 3a J1iTin; 6) € aKTUBHILLUM HemMeTaniYHUM
enemeHToM 3a Qocdop; B) Ma€e enleKTpoHeraTMBHICTb Ginblly 3a HiTporew;
r) € MeHW aKTUBHUM OKUCHWKOM 3a Cynbdyp; ) € 6inbw akTUBHWUM Big-
HOBHVKOM 3a ANIOMIHIl1; €) YTBOPIOE rifpaT BULLOTO OKCUAY i3 CUAbHIWMMK
3a Cunidin KNCNOTHUMK BNACTUBOCTAMN.

3aBp,aHHﬂ 3 PO3BUTKY KPUTNYHOIFO MUCJIEHHA

58.

59.

Ilepesipme c80i 3HaHHA 3a memoio «IlepioduuHuil 3aKoH
i Ilepioduuna cucmema XiMiYHUX esleMeHMmi6», BUKOHABWU
mecmosi 3a80aHHA HA callmi.

AK BW BBaXKa€Te, 3MiHOK AKUX BNACTMBOCTEN aTOMIB UM €NEMEHTIB MOXHa
NMOACHUTN 3MiHY: a) HEMETaNiYHMX Ta MeTaniyYHUX BIIAaCTMBOCTEN ENEMEHTIB;
6) OKMCHO-BiHOBHMX BIACTUBOCTEN PeyoBUH?

CxapaKkTepur3yinte MNPUYMHHO-HACNILKOBI 3B'A3KM MK XapakTepom BULLKX
OKCMAIB Ta rigpatiB BULMX OKCUAIB €1eMEHTIB 3: a) HeMeTaliYHUMN YN MeTa-
NIYHMMKN BNACTUBOCTAMU LMX €NIEMEHTIB; 6) efleKTpOHeraTBHICTIO UKX ene-
MEHTIB; B) PajiyCcom aTOMiB LMX eNeMeHTIB.




TEMA 2. XIMIYMHUI 3B’A30K
| BYAOBA PEHOBUHU

§ 5. Npupopa ximiuHoro 38'A3Ky. MloHHNIA 3B’A30K

MpurapanTte:
+ PO3PIi3HATb YOTUPU TUMU XiIMIYHOTO 3B'A3KY: MOHHWUI, KOBANEHTHUN, BOLHEBUN

Ta MeTaniyHum;
+ BaJIeHTHVMM Ha3/BalOTb eNIEKTPOHN 30BHILLHIX eHepreTMYHUX PiBHIB;
+ JIYXHi enemeHT — ue enemeHtu A rpynu, ranoreHn — enementu VIIA rpynu;
+ KaTiOHM — MO3UTMBHO 3apAMPKEHi MOHU, a aHIOHN — HEraTUBHO 3apAdKeHi.

EnekTpoHHa npupoga XiMiyHOro 3B'A3KY

1897 poky micia BiAKpUTTA ejleKTpoHA aHIIificbKuM Qisuxkom k. Tom-
coHOM OyJIO BHCJIOBJIEHE IIPUNYIINEHHS, [0 XiMiuHi 3B’S3KM MalOTh eJeK-
TPOHHY IIPUPOAY ¥ YTBOPIOIOTHCA 3aBAAKU 3MiIllleHHI0O ab0 IepeHeceHHIO
€JIEKTPOHIB BiJl OMHOTO aToMa OO iHIIIOTO.

EjeKTpoHHY IpUpPOaYy MOXKHA IIPOiJTIOCTPYBATH €HEPreTUUYHOIO AiarpaMor0o
B3aeMogili aBox aromiB I'izporeny, Io 3ajJe;KHUTh BiJ BiAcTaHi MiK HUMI
(mag. 5.1). Ha BenuKiii BijcTaHi B3aeMOi€l0 aTOMiB OAWH 3 OJHUM MOJKHA

Y pasi 3HauHOro 36nMXeHHs eHepris 36iNblUy€eTbCA BHAC-
A nigok nepeBakaHHA BigWITOBXYBaHHA MiX sfpamy aTOMIB

. Ha Benukux BigcTaHAX B3aEMO-
[iA MiX aTomamn BiACyTHA

* X

Y Mipy 36A/KeHHA MiXK aToMaMyl B3aEMOZis MOCUIIOETb-
CA, BHAaC/IAOK YOro iXHA CymMapHa eHepria 3MeHLYETbCA

EHepria

HarBurigHiwin BiacTaHi BignoBigdae HanmeHLa eHep-
ria. Taky BiiCTaHb Ha3UBalOTb AOBXMHOI 3B'A3KY

ey N

»
»

74 nm
BinctaHb Mi>k aTomamu

Man. 5.1. EHepreTnyHa giarpama cymapHoi eHeprii ABox aTomis ligporeHy
3aNexHo Bif BigcTaHi Mk HUMK, T m = 10712 m
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3HeXTyBaTH, i mig dac ix 30JMMKeHHs OO0 IIeBHOIO MOMEHTY IXHS cyMapHAa
eHepriag He 3MiHIOBAaTUMEThCA. Y Mipy iX 30JMMKEHHS SAPO OJHOTO aToMa
IPUTATYE €JIEKTPOH iHIMOro, i maBmaku. MiK aToMaMu BUHUKA€E B3AEMO-
misg, i BimcTaHb MiK HUMHW 3MEHITYETHCA MOTH, MIOKUW B3aEMHE IIPUTATAHHSA
He BPiBHOBAKUTHCA BiIINITOBXYBAHHAM ABOX MO3UTHUBHUX SAEP.

Enepris aBox okpeMux aToMiB Oijbllla, HiXK eHepriad MOJEKYJIH, YTBO-
peHoi mumMu aBoMa artomamm (Maj. 5.1, c.25). A mparHeHHSA [0 3MEHIIIEHHS
emeprii — 1e pyIrifina cuiaa OyAb-AKUX B3a€MOLili. 3MeHIIIeHHSA eHepril
MOJIEKYJI B IIOPiBHAHHI 3 €HEPrieo OKpeMux aToOMiB — IPUYMHA YTBOPEHHS
XiMiuHOrO 3B’A3KY:

.\ XimiYyHUI 3B'A30K — Lie B3aEMOZifl aTOMIB, L0 3YMOBJIIOE CTiliKiCTb 6aratoaTom-
¢ ~®  Hux yacTuHoOK (Monekyn, NOHIB, KpUCTanis).

EnxexTporHy Teopiio ximiumoro 3B’sa3Ky s3ampomonyBaB 1916 poxky ame-
pukamcbkuii ximik [[oxuabept JIbioic.

YMOBU BUHUKHEHHA XiMIYHOIO 3B'A3KY

VMOBU BUHMKHEHHS XiMiuHOro 3B’sI3Ky I'DYHTYIOTBCA Ha OyIOBi eJek-
TPOHHUX 000J0HOK aTomiB. [[:k. JIboic miHIIIOB BUCHOBKY, IO €JIEKTPOHHI
000JIOHKY aTOMiB iHEepPTHHX €JIeMEHTiB Bil3HAUYAIOThCS 0COOJIMBOIO CTifKiCTIO,
YUM i IIOSCHIOEThCA IXHA XiMiuHa iHmepTHiCTh. ATOMHU BCiX iHININX eJIeMeHTiB
Hig—Jac yTBOPEHHS XiMiuHOTO 3B’SI3KY HPArHyTh 3MiHUTH €JeKTPOHHY 000-
JIOHKY, 11100 HaOyTH eJIeKTPOHHOI KoH(irypaiii aroMmiB HaOJIMKIOTO iHEPT-
HOTO eJieMeHTa, Bigmatoum abo mpuegHyOUU eieKTpoHu. TiabKu B TakoMy
BUIMAAKY YTBOPIOIOTHCS CTifiki Mosexkyam. OCKiIbKM aTOMHU BCiX iHepTHUX
enemenTiB (kpim ['estito) MicTATH Ha 30BHIINTHBOMY PiBHI II0 BiciM eJIeKTPOHIB,
TO IParHeHHs N0 KOH(piryparii iHepTHOTO ejieMeHTa HAa3WBAIOTh ITPABUJIOM
okTety JInioica (Bim jlaTmH. OKkmo — Bicim).

MoHHWI 3B’'A30K

‘\ XimiuHUI 3B'A30K, WO peanisyeTbCa 3a PaxyHOK NPUTAraHHA NPOTUAEXHO 3aps-
¢ ~@ IPKEHUX NOHIB, Ha3MBalOTb NOHHUM.
MonHuil 3B’A30K iCHye B pEUYOBHHAX, Mounuuii 38’ A30K:
YTBOPEHUX MeTANIYHUMU Ta HeMeTaJluHUMU * BUHUKAE MiK ITPOTUJIEIKHO
enemeHTamMu. Taka peyoBUMHA MOJKE YTBOPU- 3apANKEeHUME OHAMU;
THCA, HAIIPUKJIAL, I 4ac B3acMOZil MeTaay * icHye Mix OAHO- Ta 6a-
3 HeMeTaJIOM. raToaTOMHUMM HMOHaAMHN

B COJIAX, TiApOKCHUIAX
Ta JeAKUX OKCHUIAX
MeTaJiuHIX eJeMeHTiB

WUonHuii 3B S30K B3YMOBJIEHUHN HasAB-
HiCTIO B peyoBUHi IHOHIB (KaTioHIB Ta aHi-
ouiB). KaTioHu MOKyTb yTBOPUTHUCA 3 aTOMiB




§ 5. Mpupopa XximiuHoro 38'sA3Ky. VoHHWII 38'A30K

MeTaJiuHUX eJIeMEeHTIiB y pasi BTpauaH-
HSA eJJeKTPOHiB, a aHIOHU — 3 aTOMiB He-
MeTaJIIYHUX, IO IPUUMAIOTh €JIeKTPO-
HU. AHIOHU TaKOYK MOYKYTH YTBOPUTHUCS
3 MOJIEKYJI KHMCJIOT IIiJi Jac eJIeKTPOJIi-
TUuHOI aucoriamii. Mix pisHoliMeH-
HO 3apAJKEeHUMUN HOHAMU BUHUKAE
€JIeKTPOCTATHYHE IIPUTATAHHS, IIPU-
YoMy CHJA TNPUTATAHHSA 3aJIeKUTh
Big sapsapmiB #oHIB Ta IXHIX pazmiycis.

Kiracuunum mpuKIagoM YTBOPEHHS PEUYOBMHU 3 MOHHUM 3B A3KOM € Xi-
MiuHA B3aEMOIiA HATPil0 Ta XJOPY, IIiJf Yac SKOI YTBOPIOIOTLCSA KAaTioOHU
Hatpiro Nat ra xmopuzn-iorn Cl:

2Na + Cl, = 2NaCl
Na% - ¢- —» Na* Cl° + e — CI”

Arom Harpiro Biggae exexTpoH atomy Xuopy. IIpu iibomy obuaBa aTroMu
IIEePETBOPIOIOTHCA HA MOHM 3 eJIeKTPOHHOIO KOH(piryparieo aTromMiB iHepTHOTO
eJeMeHTa.

Y marpifi xaopuni, 1110 yrBOpUBCA, MicTAThCA KaTionu Harpiro Ta xJjo-
pum-amionu. ¥ Kpucrajgi BOHH MiX c000I0 He 3B’sd3aHi JKOPCTKO, a yTPHU-
MYIOThCSI Pa3oM 3aBAAKU IPUTATAHHIO MiK TPOTUJIEIKHO 3apAIKeHUMU
tionamu (maja. 5.2).

Posrnsamemo iHmmi npuKJIan: B3aeMOLil0 MArHilo 3 po30aBJIEHOIO CYJIb-
daTtHOIO KucaoToro. Ilim uac peakirii aromu MarHiro BigmaioTh ABa €JIeKTPO-
HI i mepeTBopIOlOThCA Ha HoHm Marmito Mg?". OxucHukoMm y mifi peaxmii
e tionu l'igporeny, AKi NpuUAMAaIOTh €JIEKTPOHU i IePETBOPIOIOTHCA HA aTOMU
Tigporeny, a cyab(ar-ioHu 3MiH He 3a3HAIOTH:

Mg + H,S0, = MgSO, + H,T

Man. 5.2. Y kpuctani HaTpin xnopugy
MNOHN YTPUMYIOTbCA MOHHUM 3B’A3KOM

Mg? — 2¢~ — Mg?2+ 2H' + 2¢- — 2H® - H,T
./N A
° * e ° ‘ e +1
+12 S03" —_— +12 S0;” o o
. . . . +1
e +1

Mig yac peakuii marHito i3 cynbdaTHOK KUCNOTOK YaCTUHKU OBMIHIOIOTHCA eneKTpoHaMu
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SO;

3 SO0y (sop

‘Mg“ wMg“ ‘Mgz

Mgt Mg

SIKIO BUOApPUTH BOAY IIiCJA IIPO-
BeJIEHHA TAKOT'0 JOCJIiTY, TO 3aJIUIITUTD-
cd KpuCTajJiuHa peuoBMHA — MAarHin
cyabdar, IM0 CKJIAJZAE€ThCAd 3 HOHIB
Marsuiio Ta cyabdar-ioHiB, CIIOIyUYeHUX
MoHHUM 3B’A3KOoM (Maj. 5.3).

Omxe, HOHHUH 3B’A30K XapakxkTep-
HUU OJ9 coJieli, a TAKOMK IJIs IHIIHUX

Man. 5.3. MarHiin cynbdaT — peyoBrHa CIIOJIYK, V AKUX iCHYIOTH HOHU: OCHOB-

3 IOHHMM 3B’A3KOM

HUX OKCHJIIiB Ta JYTiB.

KniouyoBa igen

PeyoBUHN 3 NOHHUM 3B'A3KOM CKNafaloTbCA 3 MPOTUNEXHO 3aPSAAKEHUX OfHO-
abo 6araToaTOMHUX MOHIB, WO YTPUMYIOTbCA OAWH 3 OOHUM €NeKTPOCTaTUYHUM
NPUTAraHHAM.

9 KoHTponbHi 3anuTaHHA

60.
61.

62.

63.
64.

s

65.
66.

67.

68.

69.

70.

71.

72.

Y yomy BUABNAETbCA €NEKTPOHHA NPUPOAA XiMIYHOMO 3B'A3KY?
CxapakTepu3syinte 3MiHy CyMapHOi eHeprii 4BOX aToMmiB [igporeHy 3anexHo
Bifi BifCTaHi Mi>K HAMMW. TTOACHITE NPUUYNHY LINX 3MIH.

[JaiTe BM3HAUEHHSA: a) XiMiYHOMY 3B'A3KY; 6) NOHHOMY 3B'A3KY. 3aBAAKM SKUM
B3aEMOZIAAM BOHU YTBOPIOKOTbCA?

CxapakTepu3ynTe YMOBU BUHUKHEHHSA XiMIYHOTO 3B'A3KY.

[nAa AKX Cnonyk xapakTepHUn NOHHWIA 3B'A30K?

3aBAaHHA ANA 3aCBOEHHA MaTepiany

YoMy OfHi aTOMK B3a€EMOZi0OTb OAUH 3 OAHWM, @ iHWi — Hi?

3a AKMMUM O3HaKaMM MOXHa BU3HAUMTL aTOMK, WO 34aTHi yTBOPUTMK XiMiYHUIA
3B'A30K? [10ACHITb, YUOMY «HE BUTAHO» YTBOPEHHS Monekynu He,.

CKinbKun eneKTPOHIB He BUCTAYaAE 10 OKTeTY aToMam Kap6oHy, bpomy, Cynbdy-
py, Xnopy, ®ocdopy, Hitporeny?

[lo eneKTpoHHOI KoHOIrypaLii aTomiB AKNX iIHEPTHNX efIEMEHTIB NparHyTb aToMu
Hartpito, Cynbdypy, Kanito, AntomiHito, Bpomy? AToMn LKX enemMeHTiB nparHyTb
BifJaBaTU UM NPUEQHYBATU eNeKTPOHM B pasi YTBOPEHHA XiMiUHUX 3B'A3KIB?
BusHauTe, CKinbKn enekTpoHiB MOXYTb Bigaatu atomu Kanbuito, Bepunito, Jli-
Tito, AntomiHito, HitporeHny, bpomy.

306pa3iTb CxeMy YTBOPEHHA WNOHIB i3 HEWTPanbHUX aTOMIB Ha NpuUKnagi:
a) Kanin ¢nyopugy; 6) marHiii okcugy; B) antomiHin 6pomiay.

306pa3iTb cxeMy YTBOPEHHA MOHIB Mif YaC B3aEMOAI MeTaniB i3 KMcnotamu
NS yTBOPEHHA Coneit: a) antomiHin xnopugy; 6) umHk cynbdarty; B) depym(ll)
cynbdiTy; r) HaTpil KapboHary.

Bu3zHauTe ximiuHy bopMyny YacTUHKK (@TOMa U 1i0Ha) 3a BiJOMMM NMPOTOHHUM
unCIoM Ta 6yI0BOI0 30BHILLHBOrO eHepreTMUHOro pisHA: a) p = 1, 1s% 6) p = 4,
1% 8) p = 8, 2522p% 1) p = 9, 2522p% n) p = 12, 2522pS; ) p = 26, 3523p°3d°.



§ 6. KoBaneHTHW 3B'A30K

73. YTBOpPEHHs CTabinbHOI YacTVHKM — Le eHepreTMyHo BUMigHWIA npoLec,
AKNIA BiAOYyBaEeTbCA 3 BUAINIEHHAM TennoTu. BusHaute, AKWIA npouec Bigody-
BAETbCA 3 BUZINIEHHAM TEnoTW, a AKUA — i3 noruHaHHAMm: a) He® — He™;

6) Cs® - Cst; B) FO — F: ) CI- — CI% g) Br® = Br; e K — K3
€) Ca®t — Cal.

§ 6. KoBaneHTHUI 3B’A30K

MpuraganTte:

+ AK BU3HAuUUTV Oy[oOBY €NeKTPOHHOI 0OONOHKYM aTOMIB y 30yaKeHOMY CTaHi (3a § 3);

+ y dopmynax Jlbtoica (enekTpoHHi rpadiuHi dopmynn atomi abo eneKTPOHHO-KPaMKOBi
bopmyn) Kpankoo no3HayaloTb eNeKTPOHU TiIbKM 30BHILLHbOIO EHEPreTUYHOMO PIiBHSA;

* L0 TaKe eNeKTPOHeraTMBHICTb Ta AK MOPIBHATY €NeKTPOHEraTMBHOCTI Pi3HUX e/TEMEHTIB.

YTBOpPEHHA KOBaNEHTHOro 3B'A3KY

KoBasmeuTHuii 3B’A30K BUHUKAE IEePeBa’KHO MijK aToMaMu HeMeTaJiu-
HUX eJieMeHTiB. {1 TakmX eJIeMeHTIiB xapaKTepHe Te, IO BOHU HParHyTh
He BiAgaTu eJIeKTPOHU i3 30BHINTHBOTO €HEPreTUUYHOTO PiBHA, a, HaBIaKH,
IOTOBHUTHU HMOTO MO OKTETy. A AKIIO ABAa aTOMHU He BiJIai0Th OOUH OJHOMY
eJeKTPOHUW, a HAMaralmThCcA IX 3a0paTy, TO BOHM O0OMABA IOUYMHAIOTH ITPU-
TATYBATUCA O IIUX €JIEKTPOHIB Ta «yCYCIIIBHIOIOTH» iX, TOOTO yTBOPIOIOTH
CNiNbHY eleKMPOHHY napy.

.\‘ XiMiYHWI 3B’A30K, WO BUHUKAE B pe3ynbTaTi YTBOPEHHA CMiIbHUX eNeKTPOHHUX
P ~@® nap, Ha3nBaloTb KOBaJIEHTHUM.

Icuye nBa cmocoOu yTBOpEeHHA KOBAJIEHTHOTO 3B A3KY: PeKOMOiHAIi MHUHA
(oOMiHHUI) Ta TOHOPHO-aKIIEITOPHUI.

Pexomobinayiinuil, abo 0o0MinHUL, MeXAHI3M YTBOPEHHSA KOBAJIEHTHO-
ro 3B 3Ky MU BiKe PO3TUIgHyau y 8 Kjaci. Bim moasarae B Tomy, IO s
YTBOPEHHSA CIIiJILHOI eJIEKTPOHHOI IMapu KOYKHUI 3 aTOMIB HAZAa€ y CHiJbHE
KOPUCTYBaHHSA [0 OJHOMY eJIEKTpOHY. Hampukiazn, mig yac yTBOPeHHS MO-
JeKyau BomHiO 3 aTromiB I'igporeny (mai. 6.1):

He + -H — ﬁ ,a6oHH

)OI @&

OerMI aTomm I'Ieperl/IBaHHﬂ KOBaﬂeHTHI/IVI 3B'A30K
lipporeny s-opbitanen y monekyni H,

Man. 6.1. EnextpoHHi opb6itani (1s) okpemunx atomiB ligporeHy Ta B MOfieKyni BOAHIO
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2p 2p

F + F —> F F —> F F

T T T KOBANEHTHUI 3B'A30K
okpemi atomu Onyopy nepekpuBaHHaA p-opbitanei

. y monekyni F,
:.F.‘ F: :.F.:.F.: F—F

Man. 6.2. KoBaneHTHUIA 3B'A30K y Monekysli ¢pTopy (MOBHICTIO 3anoBHEeHi p-opbiTani He NMoKasaHo)

EjnexTpoHu CIIJIBHOI eJIeKTPOHHOI mapu OJHAKOBOIO Mipol0 HaJIeKaThb
obom atomawm [imporeny, 3aBOAKM YoMy KOKeH i3 HUX HaOyBa€ eJIeKTPOHHOI
KoH(piryparii aroma imeptHOoro esnemenTta (I'esiio), 110 3yMOBJIIOE CTiHKiCTh
MOJIEKYJIX BOJIHIO.

AnaoriuHo yTBOPIOETHCA 3B A30K MiK aToMaMM iHIIKX HeMeTaJiuHMX
eJIeMeHTiB, Hampukjaaa Mk aromamu Diyopy B MoJeKyJi (propy F,:

J Y RN a6o F-F

Y nmpomMy BUIIQJKY CIILJIbHA €JeKTPOHHA Iapa YTBOPIOETHCS IMEPEeKPUBAH-
HAM p-opbitasent (Maja. 6.2). ¥V pesysbTaTi KOXKeH 3 aTOMiB Ha 30BHIIITHBOMY
piBHI Mae 1o Bicim eseKTpOHIB (OKTET), i3 AKWX ABA MePedyBaIOTDh § «CHiJIb-
HOMY KOPHCTYBaHHi», a mricTh (Tpu mapu) He 0epyTh ydacTi B yTBOPeHHi
ximMiuHOro 3B’s3KY 1 HajJIeKaTh caMOMy aToMy (HeIloIiJieHi eJIeKTPOHHI mapu).

V mosekymai rigporeH Qayopuay 3B’sI30K YTBOPIOETHCS €JI€KTPOHOM Ha
1s-opbiTami aroma Tigporeny ta p-enekTpoHoM atoma DPayopy (mas. 6.3),
3aBAAKU YOMY KOKEH 3 aTOMiB TaKOK 3400yBa€ MOBHICTIO 3alIOBHEHY eJIEK-

TPOHHY OOOJIOHKY:
H-+ F — abo H-F

onopro-akyenmopruill mexani3dm yTBOPEHHS KOBAaJEHTHOTO 3B’ fA3KY
MPUHITMIOBO iHIMUI. [ yTBOpeHHsS 3B A3KYy 3a IIUM MeXaHiZ8MOM OIWH
aToM — OOHOp — HaJmae HENOAiJeHY eJEeKTPOHHY Iapy, a iHIUi — ak-
uenmop — HajJa€ B KOPUCTYBaHHS BiIbHY opbOiTanb. ¥ TaKuii crmocib aasa
000X aTOMiB IIf eJIEeKTPOHHA Iapa CTa€ CIiJBHOKI, a OTKe, YTBOPIOETHCA
KOBaJIEHTHUI 3B’S30K.

KiaacuuyauM IpUKJIAIOM YTBOPEHHS KOBAJEHTHOTO 3B’fA3KY 3a JTOHOPHO-
AKIIeIITOPHUM MEXaHi3MOM € YTBOPEHHS HOHA aMOHiio NHI. Y wmomeryJri

o _,QF — -
o H

H -Fs H:F: —F

Man. 6.3. KoBaneHTHUI 3B'A30K y MoneKyni rigporeH ¢nyopuay
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amoniaky NH, aromy Hirporeny Haje)xaTb 4OTHUPH €JIEKTPOHHI mapu: Tpu
3 HUX € CHLIBHUMH 3 TphOMa aToMaMu ['imporexy, a ueTBepTa — HEIIOAiJieHAa:

. ..<«—— HenogineHa ——»
H-+*N-+-H — H:N‘H eNleKTPOHHa
+ H napa
H. —
3a yuacri Henogisenoi mapu atom HiTporeHy Moske yTBOPUTHU YEeTBEPTHUM
3B’A30K 3a JJOHOPHO-aKIEIITOPHUM MexaHizMoM i3 fonom Tigporemy H', ma
opbiTanax AKOro B3araJii BiICyTHiI eJIeKTPOHM:

+
noH ligporeHy (akuenTtop H: -
€NeKTPOHHOI napw)
‘ + (HY -
H* [ Ii ' H
‘H) - ‘H -
MosieKysia aMoOHiaKy MNOH aMOHito

(noHOP eneKkTPOHHOI Napw)

IlosuTuBHUI 3apsna Temep HaJEKUTh YyChOMY HOHY aMOHii0O, a BCi yTBO-
pexi aromom HiTporeny uorupu 3B A3KHK OSHAKOBI i1 He BiApisHAIOTLCSI OSUH
Bix omuoro. ToOTO HeMae Pis3HUILI, 3a AKUM MeXaHi3MOM YTBOPIOETHCA KOBa-
JIEHTHUI 3B’fA30K, T'OJIOBHE — IO YTBOPIOETHCA CIIiJIbHA €JeKTPOHHA Iapa.

JloHOPHO-aKIEeNTOPHUN MeXaHi3M € JOCUTH IOIIMMPEHUM i peasidyeThcs
i Yac yTBOPEHHs 0araTboX CIOJYK Ta YacTUHOK. OgHUM i3 HaliBimomimmx
YUYeHHX, XTO JOCJIimKyBaB Taki cmosyku, 6yB A. Bepuep.

[eMoHcTpauinHMin aocnia: yTBOPEHHA aMOHIn xnopugy
Ha ctpwkHeBOMY LWTaTVBi GiKCyeEMO nanky, y AKii ro-
PU30HTaNbHO Nig KyToM 65m3bKo 15° 3aKpinnoemo wu-
POKY CKNAHy TPYOKy. Y HOBi CKNAHKM HaNMBAEMO KOH-
LIeHTPOBaHUIN PO3YMH aMOHiaKy Ta XJTIOPUAHY KMUCNOTY
i NPOCOYYEMO HUMW BaTHi TamnoHW. BaTHwWin TamnoH
3 aMOHiakoM MOMILLAEMO B HUXHII OTBIpP CKNAHOT Tpy6-
KW, @ Y BEPXHill — TaMMOH i3 XJOPUGHOI KNCII0TOH.
Mprbnn3HO NocepeanHi CKNAHOT TPYOKM cnocTepiraemo
nofABy TyMaHy — MPOAYKTY B3aeMofil amOHiaKy 3 rig-
poreH XJ0pVMAOM — KPUCTaniyHOro aMoHiIl xnopugy:

NH, + HCl = NH,CI)
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KpuTepii yTBOPEHHA KOBAaNEHTHOro Ta MOHHOro 3B'A3KY

ATomu pidHHX XiMIiUHHX €JIeMeHTiB MaloTh Pi3HY €JeKTPOHEeTaTHUBHICTD,
OT:Ke, MO-Pi3HOMY HPUTATYIOTH CIITBHY €JeKTPOHHY Iapy. I pyHTYIOUUCH
Ha IbOMY, MOKHa BUBHAUUTHU, € KOBAJEHTHUHN 3B’SA30K MOJAPHUM YU HEIO-
JSIPHUM, abo ImependadyuTy MOYKJINBICTh YTBOPEHHS HOHHOTO 3B’SI3KY.

3a pesyabTaTaMU OOCJiIMKEeHb PisHMI ITOJAPHOCTI XiMiuHMX 3B’SA3KiB
y pisumux peuoBuHax Jlawryc I[losinr BUBYaB pidHy 3aTHICTh aTOMiB IPUTSI-
TyBaTHu eJeKTPOHU. BiH HasBaB I[f0 3JAaTHICTL €JIEKTPOHETaTUBHICTIO, PO3PO-
OuB IIKaAJy eJeKTpoHeraTuBHOCTI (1mkaJia IlosiHra) Ta BCTaHOBUB 3HAUEHHS
eJIeKTPOHEraTUBHOCTEN I 0araThbox XiMiuHUX eseMeHTiB (auB. Ilepioguuny
cucremMy Ha (opaarii). 3a BHAUCHHAMH €JIEKTPOHEeTaTUBHOCTEI eJIeMEeHTiB MOXK-
Ha poOUTH BMCHOBKHU II[OJ0 MOXKJIMBUX 3B’SI3KiB y IXHIX CIIOJIyKaX, PO3B’d-
3yI0uM 3BOPOTHY 3ajauy, HixK Ty, 1o poa3s’ssyBaB JI. Iloxinr (maa. 6.4).

3a 3HauyHOI PisHUIL eJeKTpoHeraTHBHOCTeH XiMIiUHHMX eJIeMeHTiB
(AEH>2) omuu 3 aToMiB HACTIJIBKM CUJIbHIINIE IPUTATYE €JeKTPOHU, IO
TIePETBOPIOETHCA HA WOH. Y TAKOMY BUIIAQAKYy B PEUYOBWHI YTBOPIOETHCA LOH-
Huil 368’a3ox (mana. 6.4, 8).

3a ymMoBu HesHauHOI pisHwuili emextpoHeratruBHocrteir (AEH < 0,4) o6u-
IBa aTOMU MaiiyKe OMHAKOBO IPUTATYIOTHCA 0 CILIBHUX €JeKTPOHHUX IIap,
1 eJIGKTPOHU PO3MOIiIAIOTHCA MalKe PIBHOMIPHO, He BUHUKAE HAIJIUIIKY U1
HecTaui eleKTpoHHOI ryctunu (Mma. 6.4, a). Takuii 3B’ A30K € KOBAJLeHMHUM
HenoNAPHUM 38’ A3KOM.

KoBasieHTHUI HETIOJIAPHUN 3B’ A30K iCHYE B YCiX IIPOCTHX PEYOBUHAX, YTBO-
PEeHUX HeMeTANIYHNMU eJeMeHTaMU, a TAKOK y JAeAKUX CKJIATHUX CIOJTyKaX.
Tak, pakTuuHO HemoONIAPHUM € 3B’A30K y mMosekyi merany CH, (AEH = 0,35).
Y miii ma aromi Tigporeny sapsan awurmre +0,041, ToO0TO cIijibHA eIeKTPOHHA
mapa Mmixxk aromamu KapbGomy i#t Iimporemy Jsuimie Ha 4,1% 3swmimena B OiK

-, -’ -’ ’

._____.\
J

4 r
1 1
: KoBaneHTHumn Kc T (7 M WoHHuin :
| HenonsApHuin il 1
1 1
0 04 2 33
< Pi3HMLA enekTpoHeraTmBHOCTEN >
b . 6+ - i i
. tF:F: H:F: | :
1 oo oo 1 oo 1 1
. AEH=0 . AEH = 3,98 - 22 = 1,78 . AEH =398 -093 =305 .
a 6 8

Man. 6.4. 3anexHicTb TUNy 3B'A3KY BiA Pi3HULi eneKTpOHEeraTMBHOCTEN efleMeHTIB: d — KOBa-
NEHTHWUI HEMONAPHUN; 6 — KOBANIEHTHUIN NONAPHUIA; 8 — NOHHUIA
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aroma Kap6GoHy, unM MoOKHaA 3HEeXTyBaTHU. TaKoK, HAIPUKJIAL, HEIOJAPHIMU
€ sp’asku y cunani SiH, (AEH = 0,30), docdini PH,; (AEH = 0,01) rormo.

VY pasi HeBeamKkol pidHUIII eJeKTpoHeraTuBHOCTe! (Maj. 6.4, 0) cmigbHA
eJeKTPOHHA IIapa 3MIIIyeThCA OO aToMa OiJbI eJeKTPOHEeraTUBHOTO eJie-
MeHTa, a Ha aTroMaxX 3 ABJIAITHCSA IIOJIOCH IIO3UTHUBHOIO Ta HETAaTHUBHOTO
dapaniB. Takuit KoBaJeHTHUI 3B’SIB0K € noaaprHum. Tax, mpumipom, y Tifg-
poreH (yopuai cmiipbHA eJeKTPOHHA mapa 3MmiieHa B 0ik aroma ®@iyopy,
BHACJIIIOK YOTO HAa HHOMY OijbIlla eJIeKTPOHHA ryctuHa. SIK pesyabrar, Ha
aromi @uyopy 3’ABAAETHCA HANJIUINKOBUN HeratuBHuii sapan —0,44. TobTo
crmijbHA eJeKTpoHHA mapa Ha 44 % awmimiena B iioro 6ix. Ha aromi Timpo-
reHy, HaBIIaKU, €JEeKTPOHHA T'yCTHWHA 3MEHIIeHAa, i Ha HbOMY 3’ SABISETHCS
Takuil caMuii 3a BeJUYMHOIO, ajie mosutuBHuit 3apan +0,44. ¥V 6Giabimocti
BUIIAAKIB BeJWMUYMHa HAAJUIITKOBOTO 3apAAy He Mae€ 3HAUeHHsA, TOMY MOTro
HasIBHICTb IIPOCTO IIO03HAYAIOTH O (rpellbKa OyYKBa «AeJabTa»):

5+ o-
H-F

YumMm cuiabHilIe 3MillleHHs CIIJIBHOI €JeKTPOHHOI Imapu, THM OiJIbIIIOIO
€ TOJIAPHicTh 3B’A3KYy. Tak, y pALy raJoTeHOBOAHIB PisHUIA eJeKTpOoHera-
tuBHOCTelr MisK IimporenHom Ta ®Payopom 3HauHO Oisbiia, HisK Mixk Tigpo-
reoM Ta MomoM, TOMY B TiZporeH GIyOpHAi HOJIAPHICTH 3B’A3KY Oilbima,
Hi’K y rigporeH mommmi:

H-I1 H-Br H-ClI H-F

>

ITonsapHicTh 3B’sA8KY 301JIBIITYETHCS

OT:xe, 3a PiBHUIEI0 €JEKTPOHETATUBHOCTEH MOKHA IepemO0auyuTh TUMI
3B’A3KY 1 HOpiBHIOBATM MHOJIAPHICTH KoBajJeHTHHX 3B a3KiB. Taxoxk ciin
mam’ATaTu, 10 B OAHIN PEYOBMHI OJHOUACHO MOJMKYTH iCHYBaTHU AeKiJbKa
TumiB 3B A3KiB. Tak, HaOpuKJIad, y MOJIEKYJ TiAporeH MepoKCHUAY HasBHI
KOBAJICHTHI HMOJISIPHUN Ta HEHOJSIPHUN 3B’ A3KHU, a B COJISIX OKCUT€HOBMiCHUX
KUCJIOT € HOHHUH Ta KOBAJEHTHI 3B A3KH:

KOBAJIEHTHUI MIOHHI 3B'A13KMN

HEMoNAPHUA 3B'A30K E

\

& ‘\ KOBaJSIeHTHI MONAPHI
) 3B'A3KM
Crin sayBasKuTHU, IO MeKi PIBHUII eJIeKTPOHEraTHBHOCTEl, 3a3HaUeHi Ha

MATIOHKY 6.4 AK KpuTepiii Kiaacudikarilii 3B’A3KiB, € JOCUTh YMOBHUMU. BoHUI
o0paHi 3 OrJIgLy Ha CTYIIiHB 3MIII[eHHS CILILHOI eJIEKTPOHHOI IIapu: 3a PisHUIlL
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Cep J:xoH EHTOHI Monn

(1925-2004)

eaexTporerarusHocTeir AEH <0,4 crisibHa etex-
TPOHHA Tapa 3MilyeTbcs He Giibin Hixk HaA 5%,
a 3a pisanmi AEH>2 — 6iabir mixk Ha 70%.
Crorozgui myske BasKJIMBOIO € 3ajauda Teo-
PeTHUUYHOro O0UMCIeHHsI PO3MOIiaY eJIeKTPOHIB
(eIeKTPOHHOI T'YCTHMHM) Y BEJIUKUX MOJIEKY-
jaax. Ile m03BOJUTH 3po6UTH OaraTo BUCHOBKIB,
30KpeMa, BUSHAUNUTHU reoOMeTpPiio MOJIeKYJ, pe-
aKIifiHy 3gaTHiCTH Ta 6araTo iHIINX BJIACTH-
BOCTEN MOJIEKYJI i peuoBUH. BumaTHux pesysb-

Ho6eniscbkuit naypeat 1998 p. TaTiB B OOYMCIEHHI €JeKTPOHHUX CTPYKTYP
OfWH i3 3aCHOBHUKIB Cy4acHol MOJIEKYJI JOCAT aHIJIicbKmit ximik [[:KoH
06YNCIIOBASIbHOT XiMiT ITomu. Tako:X y IIbOMY HAIIPAMKY IIPAIlIOIOTh

O0araTro yKpaiHChbKUX YUYEHUX y CKJAaIi pisHUX
HaAYKOBUX TPYII.

JliHesicmuyHa 3adaya

JlaTHO CO O3HAYaAE «CMiNbHUMY, a vales — «ToW, WO Mae cuny». [PYHTYIOUMCh Ha LbOMY,
MOACHITb 3MIiCT TEPMiHa «KOBANEHTHUIN.

JNatuHoto dono o3Hauvae «gapyto». Lo, Ha Bally AyMKY, € CiNbHOro B AOHOPA, OMNCaHOro
B LibOMy naparpadi, Ta B JOHOPIB KPOBi Un opraHis?

Y naTUHCbKOrO CNoBa dccipio € aHanory B iHWKX MoBax: dccept (aHrn.), accepter (bp.),
akzeptieren (HiMm.). flke yKpaiHCbKe CNIOBO MOMY BifnoBifga€e i YoMy MNOro BUKOPUCTO-
BYIOTb AN1A MO3HAYeHHA OOHOrO 3 MexaHi3MiB YTBOPEHHA KOBaJIeHTHOro 3B'A3KY?

Ps
A

7 KniouoBa igesa

KoBaneHTHUI 3B'A30K YTBOPIOETbCA 3a PaxyHOK MPUTAraHHA Agep ABOX aTOMiB
[0 CrifibHNUX eNeKTPOHIB.

Q KoHTponbHi 3annuTaHHA

74.

75.
76.

77.
78.

79.

80.

[llanTe BM3HaYeHHA KOBaNEHTHOMY 3B'A3KY. KM KOBaNeHTHUN 3B'A30K Hasu-
BaloTb NMOMAPHUM, a AKUN — HenonApHUM?

AIKy eneKTpOHHY Napy Ha3uBaloTb HEMOAiNEHO0?

CxapakTepusynte pekomOiHaUiNHUA Ta AOHOPHO-aKLENTOPHUA MexaHi3Mu
YTBOPEHHA KOBaNEHTHOTrO 3B'A3KY.

Big yoro 3anexmTb NONAPHICTb KOBaNIEHTHOrO 3B'A3KY?

AIK BU3HAUMTW, Ha AKOMY 3 aTOMIB, CMOSTyYEHNX KOBaNEHTHUM 3B'A3KOM, 3'AB-
NAETbCA HEraTUBHWIM 3apAd, a Ha AKOMY — MO3UTUBHNIA?

MoACHITb, AK 3a 3HaYEeHHAMMN eNneKTPOHeraTMBHOCTEN PO3PI3HUTY KOBaneHT-
HU HEMONAPHUIA, KOBANIEHTHUIN NONAPHNIA Ta NOHHWIA 3B'A3KN.

Y AKMX CNofyKax iCHYIOTb: a) KOBaNeHTHUI HemonAPHUIA 3B'A30K; 6) KoBaseHT-
HU NONAPHUIA 3B'A30K?
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—_—

3aBAaHHA ANA 3aCBOEHHA MaTepiany

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Y1M NPUHLMNOBO BiAPI3HAETLCA KOBANEHTHUIA 3B'A30K Bif MoHHoro? Chopmy-
nonTe ABi BiAMIHHOCTI MOHHOrO 3B'A3KY Bifj KOBaNIEHTHOTO.

306pasiTb nepekprBaHHA aTOMHUX opbiTanel ANA YTBOPEHHA XiMiYHOro
3B'A3KY B: MOJIeKyfax rijporeH xjopuay, Xnopy, Boau, MeTaHy, aMmoHiaKy, NOoHi
aMoHito. CKnagitb AnA HUX enekTPOHHO-Kpankosi rpadiuHi dopmynu aTomis.
Hasegnitb no aBi popmynu cnonyk, y Akux OKCUreH yTBOPIOE 3B'A30K: a) NOH-
HUIA; 6) KOBANEHTHUIA.

Bununwitb i3 nogaHoro nepeniky okpemo GopmMynn Cnonyk, y AKUX XiMiYHWUI
3B'AI30K: @) KOBANEHTHUI HEMONAPHUIA; 6) KOBaNeHTHUIA NONAPHWIA; B) MOHHUIA.
H,, HBr, Na,0, Ca0, CO,, CO, 0,, NO,, K;N, NH,, N, NF,, F,, OF,, MgF,, S, CIF;,
P, NO.

Cknagitb popmyny Jlbroica Ana Monekynu cipku S,. CKinbKu eNeKTPOHHKX nap
6epyTb yyacTb B YTBOPEHHI KOBaneHTHOro 3B'A3Ky MiX atomamu Cynbdypy?
Yy BUKOHYETHCA MPaBUIO OKTeTY?

CxapakTepu3yite ChinbHi Ta BiAMiHHI pucn pekombiHaLiiHOrO Ta AOHOP-
HO-aKLIeNTOPHOrO0 MexaHi3MiB YTBOPEHHA KOBaNIEeHTHOro 3B'A3KY. [MOACHITbH
[IOHOPHO-aKLENTOPHUI MeXaHi3M YTBOPEHHA KOBaNEHTHOro 3B'A3KY Ha Mpu-
Knafi NoHa aMoHito.

3anuwitb GopMynu HaBedeHMX PEYOBMH 3a NMOPAAKOM 36ifbleHHA nonsap-
HOCTi 3B'A3KY B IXHiX MoneKynax: H,0O, CH,, HF, NH,.

3a lMNepiognyHolo cncTemoro Ha ¢pop3alli 06YMCAITh PI3HULO eNleKTPOHeraTuBe-
HocTel enemeHTiB y napax: Li-Cl, Be-Cl, B-Cl, C-Cl, N-Cl, O-Cl, F-CI. YkaxiTb
napy enemeHTiB i3 HanbinbL NOAAPHMUM i HaIMEeHL MONAPHUM 3B'A3KaMM.
Cepep, HaBefleHNX PEYOBVH BUMULLITL CMOMYKYM 3 HANOIIbLLOIO Ta HAMEHLLOIO
nonapHictio 38'a3ky: HI, HCl, HBr, H,0, H,S, Cl,, CH,, PH,.

MoACHITb, AK 3HAaHHA 3HAaUEHHA eNeKTPOHeraTUBHOCTI efleMeHTIB CNoyYeHnX
aToMiB AO3BOJIAE 3POOUTU BUCHOBOK LLOAO TUMY XiMIYHOTO 3B'A3KY MiXK HUMMW.
3a lepiognyHolo CUCTEMOIO BUOEPITb €IEMEHTU 3 HEBEMKOI Pi3HULELD
enekTpoHeraTmBHocTel. CKknagite Ana HUX dopmynu GiHapHMX CNONYK i3 KO-
BaJIEHTHNM HEMONAPHMM 3B'A3KOM.

306pasiTb CTPYKTYpPHI dopMynu marHin cynbdaTy Ta Kani KapboHaTy. [o3Hau-
Te Ha HUX TUMKU XiMIYHWX 3B'A3KIB.

3aBp,aH|-|;| 3 PO3BUTKY KPUTUYHOIro MNCJIeHHA

93.

94.

O6uncniTh BIBHOCHY TYCTWHY TifpOreH Xnopuay " amoHiaky 3a MoBiTpAM Ta
NOACHITb, YOMY B AeMOHCTpPaLiiHOMY JocChifi Ha C. 31 TaMMOH, NPOCOYeHUN
AMOHiaKoM, NOMILLAITb Y HUXHI OTBip TPYOKM, a TaMMOH i3 XJIOPULHOI KUC-
NIOTOI — Y BEPXHi. Yn 3MiHATbCA CNoOCTepeXkeHHA B LbOMY AOCHidi, AKLO
TaMMOHM NOMIHATK MicuaMmn?

Y pesaKknx nocibHMKax CTBepAXYIOTb, WO CMOCOOU YTBOPEHHA KOBaNIEHTHOrO
3B'A3KY MOXHa onucati gsoma popmynamu: 1+1=2 1a 2+0=2. [loBepitb abo
CNPOCTYNTE Lie TBepAKeHHA.
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95. Bigomo, wWwo B npupoai BCi npouecy BigdyBaloTbCA 3anA MiABULLEHHA CTa-
6inbHOCTI. He moxe 6yTu BUrigHUM, W06 B OAHOMY MicLi Oyfnio Yorocb gyxe
6araTo, a B iHLUIOMY — Aiy>ke Maso. 3 ornagy Ha ue, AK MOXXHa NOACHUTU eHep-
reTUYHy BUFIHICTb YTBOPEHHA 3B'A3KY 3a [JOHOPHO-aKLENTOPHMM MeXaHi3-
Mom? AfpKe 3a peKOoMOiHaLiNHUM MeXaHi3MOM 3B'A30K YTBOPIOTb YaCTUHKM
3 HecTabiNlbHO eNIeKTPOHHOI 060MOHKOI, a B aToMa HiTporeHy B Monekyni
aMoHiaky Ta B oHa ligporeHy eneKTpoHHi 060OHKM LinkoM cTabinbHi.

96. [TOHATTA «BaNEHTHICTb» HEKOPEKTHO 3aCTOCOBYBATU A/ €fIeMeHTIB y CKnagi
MNOHHWX CronyK. fIK BU BBaXka€Te, AKi NPUHLMMOBI BiAMIHHOCTI PEYOBMH i3 KO-
BaJIEHTHUM Ta NOHHVM 3B'A3KaMy 3yMOBJIIOIOTb L0 HEKOPEKTHICTb?

97. Yomy meXi pi3HULi eneKTpoHeraTMBHOCTEN MiXK Pi3HMMUK TUNamm 3B'A3KY, Ha-
BeleHNUMW Ha ManioHKy 6.4 (c. 32), € yMOBHUMUN?

§ 7. BogHeBuI 3B'A30K

MpurapanTe: LOHOPHO-aKLENTOPHNI MEXaHi3M YTBOPEHHA KOBaNEeHTHOrO 3B'A3Ky (3a § 6).

MexaHi3m yTBOpPEHHA BOAHEBOro 3B'A3KY

Y OGaraTbox pedvyoBMHAX iCHYE OCOOMMBUM THUI XiMigHOTO 3B’SA3KYy —
BomHeBuii. ¥ 9 Kilaci Bu BUBUYAJIUW, III0 BOAHEBUI 3B A30K € MiKMOJIEKY-
JSIPHUM, TOOTO YTBOPIOETHCS MiK MoJieKyJamMu (a00 MisK yacTuHaMu OnHiel
MOJIEKYJIN).

PosrisimeMo yTBOpeHHS BOAHEBOTO 3B’SA3KYy HA MPUKJIALI MOJEKYJ BOIU.
¥ moaexyti Bogu mixk aromamu Okcureny ta I'igporeHy 3B’ 30K KOBAJIEHTHUIA.
Yepes 3HauHy pisHUIio emexrpoueraruBHocreir (AEH=3,44—-2,20=1,24) mneit
3B’SI30K HOy:Ke IOJIIPHUI. YHAaCHiIOK IbOro Ha atoMax limporeHy HasBHUI
TOBUTUBHUMN 3apapn i medinmur eseKTpoHHOI rycTwHU, a B aroma OKcureny
3apAa HETAaTUBHUM 1 € OBI HeIOAiJIeHi eJeKTPOHHI mmapu:

26- <4 Henopinexi
€NeKTPOHHI

napu

&+ 5+ e

Hemnoginenumu enekTpoHEEME napaMu atoM OKCUTeHy IIPUTATYETHCA IO
aromiB T'imporeny iHIINX MOJIEKYJ BOAM, i MiK MOJEKYJIaMM BOAY BUHUKAE
IoIaTKOBA B3a€EMOMisd — B00He8Ull 36’A30K, AKUU ITO3HAYAIOTH KPAITKaMu:

HO + HO - HO HO
H H H H



§ 7. BogHeBui 3B'A30K

BoaueBuii 3B’A30K Ma€ YAaCTKOBO €JIEKTPOCTATHUYHMI XapakKTep, a yacT-
KOBO — JOHODPHO-aKIIEIITOPHUI:

KoxkHui atom Okcu-
reHy yTBOPIOE MO
0Ba BOOHEBI 3B'A3KM
i3 cycigHiMu moneky-
namu, a atom ligpo-
reHy — no ogHomy

BogHeBuiA 3B'A30K BU-
HUKAE MiX NMO3UTUBHO
3apAMKEHMM aTOMOM
loporeHy Ta HeratmB-
HO 3apAmXeHUM
atomom OKcureHy,
WO NiATBEPLXKYE MNOro
eNeKTPOCTaTUYHNIN
Xapakrtep

9

.
<

|
-

KoxHa monekyna soau
YTBOPIOE MO YOTUPU
BOJHEeBi 3B'A3KM i3 cy-
CigHIMM Monekynamm

BoaHeBuin 3B'A30K
BUHVKAE TiNbKM B Ha-
NPAMKY, y AKOMY
cnpsAMoBaHa Herno-
JineHa enekTpoHHa
napa atoma Okcureny,
WO NiATBEPLXKYE MNOro
[OHOPHO-aKLenTop-
HUIA XapakTep

Omxe, MOJIEKYJIa TIEBHOI PEYOBUHU YTBOPIOE BOJAHEBUU 3B’A30K 3a HAAB-
HOCTi HEmoIiJIeHUX eJeKTPOHHUX IIap Ha OJHOMY 3 aTOMiB Ta 3a HasSIBHOCTI
IysKe IOJITPHOTO 3B’A3KYy 3 ogHUM i3 aToMmiB [igporeny.

‘\‘ BoaoHeBui 3B'A30K — Lie B3aeEmopis atoma ligporeHy ogHiei monekynu (abo
¢ ~@ i uacTuHm), CMOJSIyYEHOro 3 AyXe eneKTPOHEeraTMBHMM aTOMOM, i3 JyXe
efleKTpOHeraTMBHMM aTOMOM iHLLOT MOSIEKYSIN.

Bopguesuii 38’ 430K YTBOPIOETHCA aTroMaMu ['iporexy mepeBaskHo 3 aToMa-
mu Okcureny, @ayopy Ta Hitporeny. AToMu Mux eJIeMeHTIiB MaiOTh BEJIUKY
eJeKTPOHEeTaTUBHICTD 1 HeBeauKi posmipu. BogHeBuit 38’ 130K aTomiB Iigpo-
reHy 3 aToMaMu OiJIBIIIOTO PO3Mipy, AK, HAIPUKJAJ, 3 aToMaMu XJopy abo
Cynbdypy, 3HaAUHO caabIinii, Xoua 3a eJeKTPOHEraTUBHICTIO IIi eJIeMeHTU
61usbKi ;0 HiTporeny.

BopHeBi 3B'A3KM B Pi3HUX peuyoBUHAX

Bopmesi 3B’sA3K1 yTBOPIOIOTHLCA HE TiJMBKU MijK MOJIEKYJIaMU BOIHU, a M MixK
MOJIEKYJIAMU 1HIITUX pPeuoBUH. BigpisHUTU TaKki peuyoBUHM MOXKHA 3a IXHBOIO
ximiuno10 opmy.ror. SIKito B mosekyi peuosunu € rpynu —OH abo —NH,,
TO 3 BEJIUWKOIO0 HMOBIpHICTIO TaKi MOJIEKYJM YTBOPIOIOTH BOIHEBi 3B’SI3KWH.
Tak, MOJEKyJU CIOUPTIB Ta KapOOHOBUX KHCJIOT, y SAKUX HasdBHA Tpyla
—OH, yTBOpIOIOTHL BOAHEBi 3B’sA3KH MiyK C000I0, a TaKOXK i3 MOJIEKYyJaMK
Bogu (max. 7.1, c. 38).
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CnnpT — BOMAA NJ BOOa — KWMC/1IOTa KNCNOTa — KUCJIOTa
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Man. 7.1. BogHeBi 3B'A3KN MOXYTb YTBOPIOBATUCA AK MiXX MOJSIeKyNlamMy OfHI€l pevoBMHU,
TaK i MiXK MoneKkynamu pisHUX PeyoBuH

Man. 7.2. BogHeBi 3B'A3KM B caniumnoBsint Kucnoti (a), 6inky (6) Ta HyKneiHOBI KACNOTi (8)

BogueBuii 3B’A30K MOXKe icHyBaTM He TiJIbKH MiK MOJEKyJaMu,
a ¥ ycepenuHi onmuiei mMoseryam Mik pidHmMu ii wactmHamu. Hampukian,
Y MOJIEKYJIi caJiliuioBOI KMCJIOTU (3 AKOI CMHTE3yIOTh acHipuH) BOAHEBU
3B’sI30K YTBOPIOETHCS MiK TiIPOKCHUJILHOIO Ta KapOOKCUJILHOI TI'pyHaMu
onuiei moseryau (Man. 7.2, a). Tako:k HasgBHICTHL BOOHEBUX 3B A3KiB xa-
pakTepHa OJid OiJIKiB Ta HYKJIEIHOBUX KUCJOT. 3aBAAKHN YTBOPEHHIO BOJHE-
BUX 3B’sI3KiB cTabinidyeTbcsi BTOpUHHA CTPYKTypa OinkiB (man. 7.2, 6) Ta
peasizyeTbca MOMKJUBicTH icHyBanHA Mojsekysa JIHK y Buraani moasitinoi
caipanai (man. 7.2, 8).

Brnnne BogHeBoro 3B’H3Ky Ha BNacCTUBOCTI pevyoBnH

BonueBuii 38’ 430K He TaKUM MIITHUNA, IK
KOBaJIEHTHUH. SIKIITO eHepria oAWHAPHOTO
KOBAJIEHTHOTO 3B’fIBKY CTAHOBUTHL OJIM3BKO
250-400 x[lx/M0Jb, TO €eHepria BOLHEBOTO

Boanesuii 3B’30K:

* € MiKMOJIEKYJIAPHUM
i BHAYHO MOCWMJIIOE
IIPUTATAHHA MOJIEKYJI;

38’aA3Ky — 10—-30 x]l»x/MoJb. - BYMOBJIIOE TiBUIICHHS
Ane, He3BaKaOUM Ha HEBEJIUKY eHep- TeMIepaTypy KUMiHHSA;

rifo BOgHEeBUX 3B’sI3KiB, BOHU CYTTEBO BILJIN- + 3YMOBJIIOE IiJBUIIEHHS

BalOTh Ha (PisMUHI BJIACTHUBOCTI PEUYOBUH. PO3UMHHOCTI PEYOBUH y BOZL

Mo:KIUBIiCTIO YTBOPEHHSA BOJHEBOTO 3B’ A3-
Ky 3 MOJIEKYJIaMU iHIITUX PEUYOBUH, AKi TAKOXK CIIPOMOKHI iX yTBOpPIOBATH,
MMOACHIOETHCA BEJIMKA PO3UMHHICTH 0araTboxXx PEUOBHH y BOAi: CHUPTY, Iy-
KpY, alleTOHY, eTaHOBOI KUCJOTHU TOINO. PeuoBUHMU, V AKUX iCHy€ BOIHEBUI



§ 7. BoaHeBuin 3B'A30K
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BigHocHa monekynsipHa maca Man. 7.4. KpuctaniuHi rpatku TBepgoi
BOAW: KOXHa MOMeKyna yTBOPIOE
no YoTUpW BOAHEBI 3B'A3KM
i3 cycigHiMm monekynamm

Man. 7.3. TemnepaTypu KuMiHHA PEYOBUH i3 npubans-
HO O[JHaKOBOIO MOJIAPHOIO Macoio

3B 30K MijK MOJIEKyJaMH, MalOTh TeMIIepaTypy KHUIIIHHSA HabaraTo BHIIY,
Hi’K PEUYOBMHMU 3 MOJIEKYJIAPHUMU KPUCTATIUHUMU I'PATKAMHU i OJIUBBKUMU
3HAUEHHAMU MOJIAPHOI Macu, aje 0e3 BogHeBUX 3B’A3KiB (Mas. 7.3).

YTBOpeHHA BOAHEBUX 3B’A3KIB y HANPAMKY HEIOHiJIeHOI eJIeKTPOHHOI
mapy 3yMOBJIIOE UiTKY CTPYKTYPY MOJIEKYJ BOAW Y TBEPAOMY arperaTHOMY
crani (man. 7.4). ¥V pigki#i Bomi BomHeBi 3B’SA3KM YACTKOBO PYHWHYIOTHCA,
TOMY IIiJ] Yac IJIaBJIEHHS BOJA OEI0 CTUCKAETHCA, 00 I'ycTUHA PigKoi BOgu
Tpoxu OiJibIlla 3a T'yCTHUHY Jboxy (Mai. 7.5).

ARYAYE,
SAVAVAVAY,
FaYa¥avaval
WAYAYAYAYy
‘:l'l'l' o
Vavavs

#

Man. 7.5. Y pigkin Bogi monekynu BoAu po3TalloBaHi HEBNOPAAKO- Man. 7.6. Komaxu xogatb
BaHO Ta 6113bKO OfjHa JO OAHOI; Y NbOAY MOJSIEKYNIN PO3TaLlOBaHi no BOAi 3aBAAKM ii NOBepXHe-
BMOPAAKOBAHO 1 Ha GiNbluii BigcTaHi, ToMy nif nerwuii 3a sogy (a). BOMY HaTAry
Mig yac 3amep3aHHA Bofda PO3LUMPIOETLCA, BHACNIAOK YOro 3aKpuTa
CK/AIHA MAsAWKa 3 BOAO B MOPO3WILi TpickaeTbca (6)

a
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HasasuicTh BogHEeBUX 3B’ A3KiB 3yMOBJIIOE CUJILHUNA IIOBEPXHEBUI HATAT
BOJM, 3aBASAKM YOMY O0araTo KoMax 3JaTHi mepemimniatuca mo Boai (manu. 7.6,
c. 39). HaaBHicTh 10JaTKOBOrO 3B’ A3yBaHHS MOJIEKYJ BOJHEBUMU 3B’ A3KaMU
TAKO0JK 3YMOBJIIOE aHOMAJLHO BHCOKY TEIJIOEMHICTH BOAM: I[00 IIPUIIBUI-
IIATH TEIJOBUI PyX, MOJEKyJaM HeoOXimHO HajmaTy 3HAa4YHO OijbIine Te-
mirotu. Taka oco0JMBiCTH BOAM Mae BeJMKe 3HAUYEeHHA OJaA (GopMyBaHHSA
kiaimary ma 3emui. ITo6am3y MopiB Ta okeaHiB KJaimMaT M’ SKIIWN, HiX
y IeHTPi KOHTUHEHTiB.

3aBIAKN YTBOPEHHIO BOAHEBUX 3B’fA3KiB MiK PISHHMMU HAIMOJEKYJISIP-
HUMU KOMIIJIEKCAMM MOKJIMBI IpoIlecu pernrikamii HyKJeIHOBUX KUCJIOT Ta
cuHTe3 OLIKiB y pubocomax.

Y .
T KniouoBa igen

-9

BopHeBuMIn 38'A30K — 0cobGnMBUIA TUM MiXXMONEKYNAPHOI B3aemogii. BiH mae Hag-
3BUYAHE 3HAYEHHSA ANA NOSBYM N iCHYBaHHA XUTTA HA 3eMni Ta 4 iCHyBaHHA 6io-

NIOTIYHO BaXIMBUX PEYOBUH.

O KOHTpONbHI 3anuTaHHA

98. [lanTe BM3HaueHHA BOAHEBOMY 3B'A3KY. 3aBAAKM YOMY BiH YTBOPKETHCA?

99. Ak BNAMBA€E HaABHICTb BOJHEBOrO 3B'A3KY y BOAI Ta cnmMpTax Ha iXHi Qi3nyHi
BJ1aCTUBOCTI?

100. CxapakTepusynTte, AK MOXINBICTb YTBOPEHHA BOAHEBOrO 3B'A3KY BIJIMBAE Ha:
a) PO3UMHHICTb PEeYoBUH Y BOA; 6) TEMNOEMHICTb PEUOBUH; B) MOBEPXHEBUN
HaTAar Boan?

101. Ha3BiTb OCHOBHi BNacTMBOCTi BOAHEBOro 3B'A3KY.

3aBAaHHA ANA 3aCBOEHHA Ma'repiany

IS

102. MopiBHANTe i3NYHi BNACcTMBOCTI PEYOBUH, 3a3HAYEHWX Ha ManloHKy 7.3
(c. 39). Akuin akT cBiZUMTD NPO HAABHICTb BOLHEBOrO 3B'A3KY MK MONEKyna-
M Boawu?

103. 306pasiTb YTBOPEHHA BOAHEBOro 3B'A3KY MiX MOfeKynamu: a) BOAW Ta aMo-
HiakKy; 6) eTaHONy Ta BOAM; B) €TaHOBOI K/CIOTY Ta BOAW; T) €TaHONy Ta eTaHo-
BOI KMCIOTMW.

104. BUKopuCTOBYOUM 3HAHHA NpO i3nyHi BNACTMBOCTI OpPraHiuYHMX PEYOBUH,
NPOINIOCTPYNTe BNIMB Ha HUX BOGHEBOIO 3B'A3KY Ha NPUKaAi: a) eTaHy i eTa-
Hony; 6) eTaHony W rniyepony; B) eTaHoNy 1 eTaHaio.

3aBp,a|-||-|;| 3 PO3BUTKY KPpUTUYHOIro MUC/NIEHHA

105. OUiHiTb MOXNUBICTb YTBOPEHHA BOAHEBUX 3B'A3KIB MiXK MOneKynamu: a) cnup-
Ty Ta anbgerigy; 6) cnMpTy Ta KapOOHOBOT KMCNOTK; B) anbierigy Ta kKapboHo-
BOI KMCNOTW; I) CNUPTY Ta ecTepy; A) CNMPTY Ta amMOHiaKy.
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Temnepatypa kuniHHs, °C

TemnepaTypa KuniHHA, °C

106. [TpoaHanizynte pfiarpamy Ta CxXapakTepusynTe BMIMB BOAHEBUX 3B'A3KIB
p y Alarp p pnsy a

Ha }i3nyHi BNacTMBOCTI peyoBUH. MOACHITb, WO CMifIbHOrO 1 BiAMIHHOIO MiX
peyoBMHaMUN HA KOXHin Aiarpami. 306pasiTb YTBOPEHHA BOAHEBUX 3B'A3KIB
MoneKynamy Lmx crnonyk (Mix coboto Ta 3 monekynamu Boaw).
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MiHi-npoekTn

107. Y pofatkoBux gkepenax iHbopmalii 3HaigiTb BiJOMOCTi WOAO BMIMBY BOOHEBO-

ro 38'A3Ky Ha $i3NYHi BNacTUBOCTI PEUYOBUH Ta OrO Posib Y 6IONOriUHMX CUCTEMAX.

108. BukoHante ekcnepmmeHT AnA JOCNiAKeHHA NOBepPXHeBOI NiBKky Bogn. Hanos-

HiTb CKNAHKY BOAOI0 MalXe A0 KPaiB i akypaTHO NOKNaAiTb Ha BOAHY NMOBEPXHIO
dinbTpyBanbHNUIA Nanip i3 ronkoto. AK TiNbKKU nanip HAMOKHe, BiH MOTOHe, a ros-
Ka Ma€ 3a/IMLINTMCA HA NnoBepxHi. [oflka He TOHe, 60 MOBEPXHS BOAW BKpWTa
NiBKOIO, O He NPOPUBAETLCA 3aBAAKM Manin Basi ronku. ig yac npaHHa ua
BOZHa MMiBKa MepeLlKkomXae BuAaNneHHw 6pyay 1 xupy. Akwo nopag i3 ron-
KO0, WO M/aBa€ Ha BOAi, HaCUMaTV TPOXM NPasbHOrO MOPOLLKY abo AONUTK
MUNbHY BOAY (aKypaTHO!), rofika He3abapom MoToHe. A AKLO JOCHif, i3 FONKOLo
1 manepom NpoBecTU y BOAI, A0 AKOI nonepeaHbo 6yB [oAaHWIA NpanbHUIA Mo-
POLUOK, TO FOfIKa 1 30BCiM HE YTPUMAETHLCA Ha NMoBepxHi Boau. Lle BinbysaeTb-
cA TOMy, WO MoBepXHeBa MAiBKa BOAW PYMHYETbCA Mif Ai€l0 MUINHMX 3aco0iB.



§ 8. MeTaniyHuin 38'A30K

MMOHATTA NpO MeTaniyHuim 3B’A30K

Kpucranu meTaaiB CKJIaJal0ThCA 3 aTo-
MiB Ta IO3BUTHUBHO 3apAMKEeHUX HOHIB Me-
TAJIYHUX eJIEMEHTiB, IKi YTPUMYIOTHCS pa-
30M y IIEBHUX TMOJIOMKEHHIX KPHUCTAJTiYHUX

Meraniuamnii 38 A30K:

* y By3Jax KPUCTAJTIUHUX
I'PaTOK PO3TAINIOBaHi KaTio-
HI MeTaJiuHUX eJIeMeHTiB;

I'DATOK <«EJIE€KTPOHHIM Ia30M», IO MOMKE | - BigbHI eJeKTPOHU («ejeK-
BisibHO mepecyBaTtucs (maj. 8.1). TPOHHUI Tra3») YyTPUMYIOTh
- ., . a30M KaTioHU;

o XiMiuHVI 3B'A30K, WO peanisyeTbca ye- P ’

+ XapaKTepHUH I MeTasiB

\

.l
& . KT TaTUYHE NPpUTAraHHA No3n- S .
& PEGITKIROCTaTUHEE 29 a 03 Ta 1XHIX CILJIaBlB

TUBHUX MOHIB y r'paTkax BilbHUMW enek-
TPOHaMU, Ha3MBalOTb METAJTIYHUM.

B yTBOpeHHI MeTaysiuHOro 3B’s3KYy 0€epyTh YUACTb €JEeKTPOHU 3O0BHIIII-
HBOTO €HEePreTHYHOro PiBHSA. ATOMH MeTaJiuHUX eJIEMEeHTiB IX yTpadaioTh,
YHaCJIiIOK YOTO IIi eJeKTPOHU CTAITh «BinbHUMH». 1[i eleKTpoHU BIKe
He HaJIeKaTh IIeBHOMY aTOMY, BOHHU [eJIOKaJIi30BaHi, TOOTO Po3moiijeHi Mixk
yciMa TOSUTHUBHUMHN HOHAMM MeETAJiuyHUX eJeMeHTiB. EJeKTpoHum He pPo3-
TAIIOBYIOThCA E€JEKTPOHHUMM HapaMH MiK CycigHiMu HOHaAMU, a MOMKYThb
BIJILHO TIEpecyBaTUCS IO BCHOMY KPUCTAITY.

HenokanidoBaHi eeKTPOHU (PAKTUYHO € «IIEMEHTOM», IO YTPUMY€E pa-
30M IIO3UTUBHO 3aps[sKeHi HoHM, iHaKIlle KPUCTAJiIUuHI I'paTKu posnaaucsa 0
yepes BiAIIITOBXYBaHHA HOHIB. Padom i3 TuM, TaKi eJIeKTPOHU yTPUMYIOTHCS
MeTaJiuHMMM KaTioHAaMM B MeE)KaX KPUCTAJTIUYHMX I'PATOK i He MOKYTH 3a-
JUITATA METAJIYHUN KPUCTAJI.

YV meranmiuHoMy 3B’s3KY KOMKHMI aTOM MeTaJIiUHOIO ejJeMeHTa Haaae
y cHiJibHe KOPUCTYBaHHS ITOHAIMeHINe oAuH eJeKTpoH. OT:Ke, aToMU S-eJje-
MEHTiB IepIrnoi rpynu B MeTajaax nepedyBalOTh Y BUTJIAAI HOHIB 3 €JIeKTPOH-
HOI0 KOH(Dirypaiiiero aTomiB HAHOJIUIKIOTO
iHepTHOro ejJeMeHTa, OCKiJbKMW BiJIarmThb
CBill eIVHU eJIEKTPOH 30BHIIITHLOTO PiBHA.
ATovMu MeTaNiYHUX €JIEMEHTIB 1HIITUX T'PYII
MOMKYTh BifijaBaTHU y CIIiJIbHE KOPUCTYBaH-
HA OOWH 4y OinIbIlle eJIeKTPOHIB. A y By3-
JaxX KPUCTAJiUYHUX I'PATOK, BiAIOBigHO, OYy-
IyTh HaABHI MOHM i3 3apamom +1, meHIa
KiJBbKicTh ABO3apAIHUX WOHIB i Ie MeHIIIa
Man. 8.1. Y metanax y Bysnax kpucta- ~ TPu3apanHux. Hampukiazn, B aaioMiHiio ce-
NiYHUX IPATOK PO3TallOBaHi KaTioHU pes ycix HoHiB Tinekm 27 % ABO3apAAHUX

MeTaNiuHMX eIEMEHTIB, HaBKOJO AKNX i 4acTKu BiCOTKa TPUBAPATHUX.
BifIbHO MepecyBaloTbCA eNeKTPOHN
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[NopiBHAHHA MeTaniyHoro 3B'A3KYy
3 NOHHUM Ta KOBANEHTHUM

Meraniunnii 38’ 130K Ma€ CILIbHI pucH K
i3 KOBaJIGHTHUM, TaK i 3 MOHHUM 3B’SI3KOM.

IToxi6HO IO KOBAJIEHTHOTO, MeTaJiuHMUit
3B’SI30K YTBOPIOETHCA 34 PAXYHOK YCYCIILiIb-
HEeHHA eJIeKTPOHiB. AJjie B KOBaJEHTHOMY
3B’A3KY CIILJILHOIO € TLIBKU IIapa eJIeKTPO-
HiB, i BOoHA HaAJEXUTH JIUIIIE IBOM aToOMAaM,
a B MeTaJiuHOMY 3B’SI8KY BCi eJIeKTPOHU
€ CHiIbHMMM JJIs BCiX HOHIB MeTaJiuyHOIo
Kpucrasa.

ITomi6mo mo ioHHOTO 3B’A3KYy, MeTasiu-
HUII YTBOPIOETHCS B3aBAAKU €JIEeKTPOCTATHY-
HOMY IIPUTATAHHIO IPOTUJIEIKHO 3apaIKeHNX
YaCTUHOK. AJie B peUOBMHAX i3 HOHHUM 3B’ 3~
KOM y BYy3JlaX KPHUCTAJTIYHUX I'PATOK PO3Ta-
IITOBAHi i ITOBUTUBHO, 1 HETATUBHO 3aPAMKeHi
MOHM, II0 YTPUMYIOTBCS pPasoM. A B peuo-
BUHAX i3 MeTajgiuHuUM B3B’A3KOM y BY3Jax
KPHUCTAJTIUYHUX I'PATOK PO3TAIIOBAHI TiJIbKH
TO3UTUBHO 3apdaml:KeHi HOHU, IO YTPUMY-
IOThCA PasoM 3a PaXyHOK eJIeKTPOCTaTUY-
HOT'O IIPUTATAHHSA IO <«€JeKTPOHHOTO Tasy».

PeyoBuHM 3 mMeTaniyHMmM 3B'A3KOM

Merasiunuii 3B’s30K yYTBOPIOETHCA aTO-
MaMM MeTaJNIiuHuUX eJeMeHTiB. Bim icaye
B yCiX IIPOCTMX peyoBMHAX-MeTajJax, a Ta-
KoK y IxHiX crmaBax. [locrimkeHHs qoBesn,
mo0 B meArkux HiTpupax Turany (cmosykax
Turany 3 Hirporemom) Ta gedxkux iHITHUX
CIIOJIYKaX TAKOXK HAABHUI MeTaTiuHuil 3B -
30K. IcHyBaHHA MeTaJIiYHOrO 3B’A3KY, TOO-
TO «eJeKTPOHHOTO Trady», 3JaTHOTO BiJIBHO
mepecyBaTUCs, 3YMOBJIIOE HU3KY (PisuuHUX
BJIACTMBOCTEI PEUOBHH i3 TaKUM 3B’SI3KOM:
eJeKTponpoBiaHicTs (May. 8.2), 'HyYKicTb
(koBKicTh abo mimactuuHicTh) (Manx. 8.3),
MeTaJiuHUHi 0JIMCK, TeIJIOIPOBIAHICTE TOIIIO.

Man. 8.2. HafABHICTb BiNbHUX €NeKTPOHIB, L0
MOXYTb MepecyBaTVCA B MEBHOMY HaMpAMKY,
3YMOBJIIOE €NeKTPONPOBIAHICTL PEYOBUH i3 Me-
TaniyHUM 3B'A3KOM

Man. 8.3. BinbHi enekTpoHu, HeHaye TiCTO,
CKPINMoTb KaTiOHW MeTaniyHUX eneMeHTiB He-
3aeXXHO Bif NPOCTOPOBOI GOPMI MeTaneBoro

BMPOOY, WO 3YMOBIOE MOXKVBICTb HafjaHHA

6ynb-AKoi bopmMM MeTaniuHMM KprcTanam
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KnwouoBa igesa

MeTaniuHuii 38'A30K, He3BaXatoumn Ha NeBHi 0COGNMBOCTI, Ma€ CMiNbHI pUcK i 3 Ko-
BAJIEHTHUM, i 3 NOHHUM 3B'I3KOM.

KoHTponbHi 3annuTaHHA

109. [laiiTe BU3HAaUYEeHHA MeTaniyHOro 3B'A3KY.

110. Y yomy nonsaraloTb ChifbHi Ta BIAMIHHI pycy MeTaniyHoro 3B'A3Ky 3 KOBasleHT-
HUM | NOHHUM?

111. Y akux cnonykax icHye meTaniyHuin 3B'A30K?

112. Aki cninbHi Gi3nyHi BNAacTMBOCTI MeTaniB Ta CnnaBiB 3yMOBMEHi HaABHICTIO
B HUX MeTaniyHoro 3B'A3Ky?

3aBp,aHH$I 3 PO3BUTKY KPpUTUYHOIro MMUC/NI€HHA

113. AK B/ BBa)Ka€Te, YOMY KiflbKiCTb 6arato3apagHMX NOHIB y MeTaniyHUX KpucTa-
flax 3HaYHO MeHLUa 3a KifbKiCTb 0gHO3apAQHUX?

114. [JoBepitb abo cnpocTyinTe TBEPLAKEHHA: NOHWN METaNiUHNX eNleMeHTiB y MeTa-
NiYHOMY KpUCTani yTPUMYIOTbCA Pa3oM «eNeKTPOHHUM ra3omy, AK POA3UHKM
YTPUMYIOTbCA TICTOM Y KeKCi.

115. Yomy, He3Baxaloum Ha BeNKY KiNbKiCTb 3apAAXKeHUX YaCTUHOK y MeTanax,
MeTaniyHn KpUcTan y Linomy He Ma€ eneKkTprUUYHOro 3apagy?

116. Ha Bawy AymKy, YoMy BiflbHi €NIeKTPOHN B MeTaNiYHOMYy KpucTani Ha3nBaloTb
«€NeKTPOHHUM razom»?

§ 9. Kpuctaniyinim i amoppHuin ctTaHn TBepanX peyoBUH

3a BHYTpPilIHLOIO Oy0BOIO i (PiSMUHMMU BIACTUBOCTAMHU PO3Pi3HSIOTH
CTAaHU TBEePAUX PEUOBUH: AMOPPHUL 1 KpucmasivHuil.

Kpucraniuni peuyoBunu:

CTPYKTYPHI OTWHUIIL PO3TAIIIOBAHI B UiT-
KOMY IIOPSAAKY — YTBOPIOIOTH KPUCTAa-
JiuHi I'paTKU;

MalOTh NEeBHY TeMIepaTypy ILIaBJIeHHS;
YTBOPIOIOTH KPHUCTAJIU IEBHOI (hopmu;

y pasi pyiHyBaHHA KPUCTAJIIYHOI pedo-
BUHU KPUCTAJHU PO3MATAIOTHCA Ha OKpe-
Mi IIIMATOYKM, KOXKEH i3 aKux 30epirae
xoya 0 YacTKoBO (hOpMYy ITOUATKOBOTO
KpucTaJa;

MPUKJIaIU PEUYOBUH: IPUPOAHI MiHepau,
KYXOHHA CijJb, IIYKOP.

CTpYKTYpHi oAnHuULi B KpUCTa-
NIYHVX PeYOoBMHaX YTBOPIOKOTb
npaBuUnbHi reomeTpuyHi ¢irypn



§ 9. Kpuctaniynuii i

aMOpdHNIA CTaHN TBEPAUX PEYOBUH

Amopdni peuoBuHH:

He MAalOTh YiTKOI IPOCTOPOBOI CTPYKTY-
PU — CTPYKTYPHi OAMHUIII po3TaIoBaHi
HEBIIOPAJKOBAHO;

IJIaBJATHCA B TEBHOMY [Iiamal3oHi TeM-
nepaTyp;

3a HATrPiBaHHA CIOUYATKY PO3M’ AKIIIYIOTHCH;
Yy pasi pyliHyBaHHA YTBOPIOIOTHCA yJIaM-
KW HempaBWJbHOI (opmMm, 3a3Buyau
i3 HepiBHOIO ITOBEPXHEIO KpaiB CKOJIY;
IIPUKJIAAY PEUOBUH: CKJIO, CMOJIH, OypIII-
TUH, 3aCTUIJI JIaKU, KJel, KaydyK.

£ L
-_1’ rh;-gnfy._, =
AMOpP®Hi peyoBMHU He MaloTb
YiTKOI MPOCTOPOBOI CTPYKTYpWU,
a YyTBOpPEHi 3 HeBMOPAAKOBaHMX
YaCcTUHOK (aTOMiB UM MoneKyn)

AwmopdHi peuoBrHYT 3a BHYTPIMIHBOIO OYIOBOIO HATAAYIOTH PiIWHU, TiJIb-
KU He MOMKYTb TeKTHu. I1if yac HarpiBaHHsA BOHU IIOCTYIOBO PO3M’ SKIITYIOTHCS
i maperri craioTh pigruMu. AMOPOHUM peyoBMHAM, AK i piAmHAM, MOXKHA
HajgaTtu OyIb-AKOl (hopmu.

3a meBHUX YMOB PEUYOBMHA MOKE€ 3 KPUCTAJTIYHOI IIePeTBOPIOBATUCS
Ha amop(dHy, i HaBnaku. 3BUUaliHe CKJIO — amMop(HA PEUYOBUHA, ajie 3 YacOM
cuainiin(IV) okcun y fioro ckjani HaOyBae Kpucraidiuaoi gopmu. Yepes 1ie
cTapi CKJIAHKY MiJ Yac HAJIWBAHHSA B HUX OKPOIY JIOHMAKOTHCA HAbaraTo yacTi-
e, Hi’K HOBi. IlyKop — KpucrasiuHa peuyoBuHA. AJie AKIITO MOTO POIIJIABUTHA
Ta MIBUAKO OXOJIOAUTH, TO BiH 3acTHUTaE B aMOP(PHOMY CTaHi. 3 TAKOTO IIYKPY
MOJKHA BUTOTOBJIATHU JbOAAHUKU, KapaMeJabKu Tolrmo (mana. 9.1).

~
o
|

KniouoBa igen

[na amopdHMX peyoBUH NOPAAOK Y PO3TaALLYBaHHI YaCTUHOK XapakTepHUA TinbKK
Ha BiACTaHi OAHIEI-ABOX CTPYKTYPHUX YACTUHOK. Y KPUCTaNiYHUX peyoBMHAX Mo-
PAROK PO3TallyBaHHA YaCTMHOK XapaKTEPHUI ANA BCbOro 06'eMy MOHOKpMCTana.

Man. 9.1. KpuctaniyHnin uykop (a) nicna po3nnaBnAHHA Ta LWBUOKOTO OXONOAMEHHA CTa€e
aMOPPHOI0 PEYOBUHOIO, 3 AKOT JIErko BUTOTOBMATM JIbOASAHUKY (6) Ta KapamesbKu (8)
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o

KoHTponbHi 3annuTaHHA

117. Ha3BiTb CNinbHi BAACTUBOCTI BCiX TBEPANX PEYOBMH.

118. flKi peyoBVHM Ha3MBaTb KPUCTANIYHUMK, @ AKI — aMopbHUMN?

119. Ha3BiTb 03HaKM KpUCTaniyHMx Ta amopdHMX peyoBuH. HaseniTb npuknagu
TaKNX PEYOBUH.

i 3aBAaHHA ONsA 3aCBOEHHA MaTepiany

120. CxapakTepu3yinTe OCHOBHI BiAMIHHOCTI y }i3UYHUX BNAaCTMBOCTAX KpUCTaniy-
HUX Ta aMOPHMX PEYOBUH.

121. BusHauTe cnifibHi Ta BigMiIHHI pycK B piavH Ta TBepANX aMOPOHUX PEUOBVIH.

122. Yn € amopdpHUMM peyoBMHamM BicK, napadiH, cyxuii nig, nonieTuneH, ckno,
KYXOHHa cinb, TBepfe muno? Bignosigb obrpyHTyiTe.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIro MUC/NI€HHA

123. ik B1 BBa)KaeTe, YoMy aMOpPdHi PeUOBMHM He MaloTb YiTKOI TeMnepaTypu nnas-
neHHA? YoMy KprcCTaniuHi peyoBUHM He PO3M'AKLLYIOTbCA Nnepeq nnaBfieHHAM?

124. Ak BM po3ymieTe TBepAXKeHHA: «KpncTaniyHUmM peyoBMHAM He MOXKHa HajaTtu
6yab-aKoi dpopmm»?

125. Ak B1 BBaxaeTe, YOMY 3a LUBMAKOrO OXONOAXKEHHSA PO3MaBIeHOro LyKpy BiH
3acTurae B amopdHOMy CTaHi, a He B KpucTaniyuHomy?

126. AMOPPHUIN CTaH XapaKTepHuid ansa OypluTuHy, 6iTymis, achanbTis, BULMUX an-
KaHiB ToLo. AKi 0CO6NMBOCTI MOMEKYN LX PEYOBMH 3YMOBIOIOTb iX iCHyBaH-
HA B aMOpdHOMY CTaHi?

127. CkopucTaiiTeca fofaTKoBMMM Axkepenamy iHpopmalii Ta npoaHanisyinTe, Ak
Y3rofKy€eTbCA KOYOBa ifeA Lboro naparpada 3 TBepaxeHHAM: «[Ina Kpucrta-
NIYHUX PEYOBVH XapaKTepPHWUI AanbHil NOPAAOK PO3TallyBaHHA YaCTUHOK,
a Ana aMopPHUX — ONVKHIN.

§ 10. 3anexHicTb PpisnYHNX BRacTUBOCTEN pevyOBUH
Bif iXHbOI 6ya0BM

Mpwuraganre: TMNU XimiyHMX 3B'A3KIB (3a § 5-8).

PeuoBnHM meTaniuHoi 6ynoBu

Y meranax icHye MeTamiuHUi 3B’SI30K, AKUil | Meramiuni pedoBuHu:

3YMOBJIIOE 3arajibHi (DidWUHiI BJIACTHBOCTI MeTa-
JiB Ta cmaaBiB. Poamipu Bcix #OHIB OmHAKOBI,
TOMY KaTiOHM B MeTaJiaX YIIaKOBaHi MaKCUMaJib-
HO IIiJIBHO ¥ YTBOPIOIOTh HAWMIIJIBHIIII Kpucra-
Jiuui rpatku. MeTasmiyHi CTPYKTYpPU YTBOPIOIOTH
AK MeTaJid, TaK 1 AedAKl CHOJYKU 3 MeTaJiuHUM
3B’A3KOM, HapuUKJag HiTpuau Turany Ta Xpomy.

* y By3Jax I'PaTOK —
KaTioHu;

+ TUN 3B 3Ky —
MeTaJiuHu’il;

+ IUTACTUYHI (KOBKi);

+ mobpe IPOBOIATH
€JIEKTPUYHUN CTPYM
Ta TEIJIOTY




§ 10. 3anexHicTb Gi3MUHMX BNACTUBOCTEN PEUYOBMH Bif iXHbOI OyfOBN

Man. 10.1. lWapu B mMeTaniyHOMy KpuCTani Nerko 3CyBaloTbCA OAUH Man. 10.2. lna meTaniB xapak-
BiJHOCHO OJHOrO, WO 3YMOBJ/IIOE MNNACTUYHICTb MeTanis TEPHUI METANIYHUIN 6NInCK

3aBIsAKY BiIbHOMY II€PECYBaHHIO €JIEKTPOHIB JJIA MeTaJliB XapaKTepHi
eNeKmponposioHicms Ta menaonposioHicms.

Oxpewmi mapu HOHIB MOKHA 0e3 HacCJHiAKiB IepecyBaTH OMWH BiTHOCHO
OJTHOTO, TOMY IIIO0 B yCiX By3JaX KPHUCTAJIUHUX I'PATOK MiCTAThCA KaTioHU,
AKi yTPUMYIOTBCA Pa3oM Uepes IMPUTATAHHA 0 «eJIEKTPOHHOTO razy». Ilum
3yMOBJIeHA nJaacmuirnicms (kKogkicmsv) Mmetaui (man. 10.1).

Ocob6auBoCcTi B3aeMOfii CBiT/Ia 3 BiBHUMHU €JIEKTPOHAMHU Ha ITOBEPXHI
MeTaJIivHOTO KpHCTaJa HaZaloTh MemaniuvHuil 6auck meramam (maa. 10.2).

3asBuuaii yuM OiJbIlle BaJleHTHUX €JEeKTPOHIiB B aTOMiB MeTaJiuHUX
€JIeMEHTiB, TUM MIiIIHIiIlli KPUCTATIUHI I'PATKY, TUM MIiIlHIIIINHA Ta TBEPAIITUI
MeTaJl, TUM BUWINAa HOTO TeMmepaTrypa IJaBJIeHH:A (KUIIIHHS).

PeuoBMHN NMOHHOI 6yaoBM

MouHi pedyoBMHH MAaOTh KPHUCTATIUHI Mouni pevopumu:
I'PaTKU, y By3Jax AKUX PO3TaIllOBaHi pisHO- « y ByaJax r'paTOK — HOHH
WMeHHO 3apdAmKeHi wonum (man. 5.2 ta 5.3, (karionu ¥ amionwm);
c. 27, 28). Mowuwni KPUCTAJIUHI I'PATKU XapakK- « THun 3B 3Ky — MOHHWNI;
TepPHi AJI PeYOBUH i3 HOHHUM 3B’ SA3KOM — CO- * TBePAi, KPUXKi, HeJeTKi;
Jleit, ayriB, OCHOBHHUX Ta aM(POTEPHUX OKCHUIIB * TyroflﬂaBRh
(NaCl, NaNO,, K,SO,, KOH, NaOH, CaO). * A€AKl POSTMHAIOTHCA
Vonni cmonyku 3a KiMHATHOI TeMIIepary- y Boal

Pu TBeEpAi, a MJIABIATHCA i KUIJIATL JUIIE 3a
BHUCOKOI TemmepaTrypu. lle mOsACHIOETHCA TUM, II0 HOHM B KPUCTAJL CUJIBHO
OPUTATYIOTHCSA OJUH IO OJHOIO, i, IIT00 3PYIIUTH 1X, He0OXimHO 6araTo eHeprii.
VYrim, He3BasKaOuM HA TBEPAICTh, HOHHI peuoBMHU KpuxKi. Ile 3ymoBiaene
O0yI0BOIO KPHCTAJIA: HABIiTh He3HAUHUN 3CyB HAOJIMIKAE OAUH 10 OJHOTO OJHO-
WMEeHHO 3apsalKeHi MOoHM, 1 BOHM MOYMHAIOTH BifgmiTroBxyBaTtucs. Hacigkom
IIBOTO € TPIIMHYN B KPUCTAJi I HaBiTh Woro pyinysauuda (maua. 10.3, c. 48).
Yepes Te 110 HOHW B KPUCTAJTIYHUX I'DPATKAX 3aKPIiljeHi Ha TEeBHOMY
MicIli I yTPUMYIOTECA PA30M CUJIaAMU €JIEKTPOCTATUYHOrO IPUTATAHHA, HOHHI
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Man. 10.3. Y noHHux
peyoBMHaX 3MilLleHHA LWapiB
npu3BoANTb O BifLUTOBXY-

BaHHS OHOVIMEHHO
3apAMKEHUX MOHIB
Ta PyVHyBaHHA KpucTana

PEYOBWHU HE MPOBOJATEH E€JEKTPUUHUN CTPYyM. AJie AKIIO PO3IJIAaBUTU TaKi
peuoBMHU a60 POSUMHUTHU Y BOJi, TO HOHU CTAIOTh PYXJUBUMHU, i TOMY PO3-
IIJIaBU Ta PO3UMHU HOHHUX CIIOJYK NOOpe IMPOBOJATH €JEKTPUYHUNA CTPYM.

BynoBoro KpucTragiuHUX I'PATOK MOACHIOETHCA TAKOXK Te, IO MOHHI CIIo-
JIYKY HeJIeTKi, TOMy BOHU He MaloTh 3alaxy.

PeyoBMHM MoneKynapHoi 6ynosu

Mosexyaspai peqoBuam: ¥V Bysaax MOJIEKYJIAPHUX anc'raﬂiqﬂug
-y ByaJax I'DaTOK — r'PaTOK PO3TAIIIOBAHI MOJEKYJIH, IO CIIOJYydYeHi
MOJIEKYJIN; MiX cO00I0 CJIA0KO0I0 MisKMOJIEKYISAPHOI B3aEMO-
+ crabKka MiXMOJIEKyJIsap- nmiero. Hampuwaazn, JIing cKiIamgaeTbcsa 3 MOJEKYJI
Ha B3aEMOJid; BOAU, a KPUCTAJIU OPOMY — 3 IBOXATOMHHIX MO-
* KPHXKI, JeTki; nexyn 6pomy Br, (mam. 10.4).
* JIETKOILJIaBK1; . MoneKyaapHi KpHUCTAJIiuHI I'paTKy Xapak-
* POSHUHIHAIOTECH y BOAL T4 TEePHI OJA PEUYOBHH TiJIbKK 3 KOBAJEHTHUMU
B 1HIIINX PO3YMHHHUKAX N o
3B’sA3KaMu (MOJAPHUMY U HEMOJNAPHUMU). Boun

BJIACTHUBIi OiJIBIIOCTI OpPraHiyYHMUX CIIOJYK, a Ta-
KOXK JIesTKMM HeOpTaHiuHUM peduoBUHAM (KHCHIO,
XJIOPY, @30Ty TOIIO).

Oco6auBicTIO MOJEKYJAAPHUX PEUOBUH
€ Te, 1[0 BCEPEAMHI MOJEKYJ aTOMHU CIIOJyUe-
Hi IyXe MIIHUMH KOBAJEHTHUMU 3B’ sI3KaMM,
a caMi MOJIeKyJau YyTPUMYIOThCA MiK C000I0
CIa0KUMHU MiKMOJIEKYJIAPHUMU B3aEMOAIAMMU.
Taky CTPyKTypy Jerko 3pyHHyBaTH, TOMY pe-
YOBUHU 3 MOJIEKYJSAPHUMU I'PaTKaAMU KPUXKi,
MaloTh HEBHMCOKiI TeMmepaTypu IIJIaBIeHHS
A KUIiHHA.

Oco06siBicTIO OYI0BU TOSICHIOETHCA TAKOMK
Man. 10.4. Kpucranu 6pomy (a); JIeTKiCcTh MOJEKYJIAPHUX CHONVK, IesaKi 3 HUX
y By3nax MonekynapHix kpucta-  MAIOTB X2PaKTEPHHE 3amax. MosxkHa HaBITH
NiYHMX FPATOK PO3TALIOBAH CTBEPAKYBaTH, IO AKIIO PEUYOBMHA MAa€ 3amax,
oKpemi Monekynu Br2 (6) TO II€ pedyoBHHAa MOJIeHyJIﬂpHO'l' 6yf_[OBI/I.




§ 10. 3anexHictb Qi3NYHKMX BNACTUBOCTEN PEYOBUH Bif iXHbOI OyaoBu

3a 3BUYANHNX YMOB 0araTo peuoBUH i3 MOJEKYIAPHUMU KPUCTAJTIUHNMU
rpaTkaMu IiepebyBaioTh y pigkomy (Bozma, cyibdaTHa KHCJIOTa, OpraHiuHi
PO3SUMHHUKHU TOI0) abo rasyBaToMy cTaHax (030H, XJOPOBOJAEHDL, BOJEHb
T01110). JleAKi MOJIEKYJIsIpHI peYOBMHU 3a HarpiBamHsa CyOJiMyIOTH — mepe-
XOJATH 13 TBEPAOro B ra3yBaTUM CTaH, MUHAIOUU PiIKUI, HAIPUKJIAML, MO,
ByIJIeKUCIUI ras, HadrTamgiH.

PeuoBunu MoseKyasgpHOI OymoBu 3maTHiI posumHATHCA. [ledki 3 HuUX
POBUMHSAIOTHECSA y BOJi, iHIINI — B OPTaHiYHWX PO3UMHHUKAX.

Monexkynau He MiCTATH BiJIBHUX HOCIIB €JIeKTPUUYHOIO 3apAny, TOMY aHi
B piAKoMy, aHi y TBepAOMY CTaHi MOJIEKYJADPHI PEUYOBUHU EJIEKTPUYHUN
CTPYM 3a3BUYall He MPOBONATL. AJle JesIKi MOJEKYJISPHI PeUYOBUHU, 30Kpe-
Ma OpraHiuHi Ta HEOpPraHiUHI KMCJIOTU, Y PO3UYMHAX AUCOIIIOIOTH, TOMY ix
POBYHHU IIPOBOAATH €JIEKTPUUHUN CTPYM.

Pe4yoBMHU aTOMHOI 6yﬂOBV' PeuoBuHN aToMHOI OymoBHU:

* y By3JaxX I'PaTOK —
OKpeMi aTomu;

* TUNO 3B SABKY —

KOBAJIEHTHUI;

HaJ3BUYAWHO TBEPHi,

V Byssax aToMHUX KpHUCTAIIYHUX I'pa-
TOK PO3TAIIIOBAHI aTOMM, II[0 CIIOJYYEeHi OJUH
3 ONHUM MIITHIMHU KOBAJEHTHUMU 3B’ I3KaMMU.
11106 spyiiHyBaTHu I1i KOBaJIEHTHi 3B’ I3KHU, He- .

obximHa sHauHa eHepria. IluM modcHIOETHCA HeJTeTKi;

MIIDHICTh aTOMHOI'O KpHucCTaJjia Ta BHCOK1l TeM- . TyI‘OHJIaBKi;

mepaTypu MJIABJIEHHA ¥ KUIIIHHA PEYOBUH + He POBUUHSITLCSI B JKOJ-
aToMHOi OymoBu. Taki pedyoBUHU JOCUTEL TBEP- HOMY PO3UYMHHUKY

i, HeIIaCTUYHI I HEeKPUXKi.

BynoBoio KpucTasmiuHMX I'DATOK 3YMOBJIEHA TAKOXK HEPO3UMHHICTH ITMX
PEUYOBWH y BOJAi Ta B iHINX PO3UMHHUKAX.

KiaacuunuM nmpukJIagoM pevYoBUHU aTOMHOI OyZ0BU € ajiMas — HaWTBep-
nmimra pedoBmHa 3 ycix Bigomux (masa. 10.5, a).

I'padir Takox Mae aTOMHI KpucramiuHi rpaTku, ajge, Ha BigMiHy Bifg
anma3sy, y rpagiri aromu KapboHy posTalmoBaHi mmapamu, Io CJaa0KO CIIO-
ayudeHi oguH 3 ogHuM (MaJi. 10.5, 6). 3aBAAKMU IIbOMY IIapu JIETKO 3CYHYTH
OIVH BiTHOCHO oxHOTO. IlM ITOACHIOIOTHCA «IIMCaTbHiI» BJIACTUBOCTL rpadiTy.

PeuosunamMu aToMHOI OyZOBU € TaKOK repMaHiii, 6op, kBapi SiO,, Kap-

6opyun SiC.
% Man. 10.5. ATomHi
KpUCTaniyHi rpatku:
a 6 a — anmasy; 6 — rpadity



TEMA 2. XIMIYHWIA 3B'A30K | BYOBA PEYOBMHN

H, | He

2

Li |Be| B| C |N,|O,|F,|Ne

Na |[Mg| Al | Si | P, |S,|CL|Ar

K |Ca|Ga|Ge | As | Se |Br,| Kr

Man. 10.6. Micue s- i p-enemeHnTiB y [Nepiogny-
Hi cUCTeMmi Ta TUNW KPUCTaNiYyHMX FpaToK npo-
CTVX PEeYOBVH, AKI BOHW YTBOPIOIOTb

Rb|Sr | In |Sn|Sb|Te| I, | Xe

Cs|Ba| Tl |Pb| Bi|Po|At

z (" — meTaniuHi,  — aTomHi, Bl — MonekynApHi)

bynosa npocTtnx pevoBuH i Micue enemeHTiB y [lepioguyHin cncremi

Tun ximiuzHOro 3B’sA83KY B peUOBMHAX 3YMOBJIIOE OymoBY i (isuuni Bia-
cTUBOCTI TBepAuxX peuoBHH. OCKiJIbKM TUI XiMiYHOTO 3B’A3KY 3aJIEIKUTh
Bi eJleKTpPOHHOI KoHGirypalii aTomMiB, To 3aKOHOMipHOCTiI B OyZ0Bi aToMiB
eJIeMeHTiB T03HAYAIOThCsA Ha OYAOBI ¥ (PiBMUYHMX BJIACTHUBOCTAX ITPOCTUX
PEeYOBWH, YTBOPEHUX HUMMU.

3 mamouka 10.6 BuAHO, 10 Ha IIOYATKY IIEPioJiB pos3TaIlloBaHi MeTaaiuHi
eJIeMeHTH, AKi yTBOPIOIOTH IIPOCTiI PEUOBWHU 3 METAJTIUYHUMU KPUCTATIYHUMU
rpaTkaMu. 3aBepPIIyIOTh KOKHUN Iepiof] HeMeTaliuyHi eJ1eMeHTH, AKi yTBOPIO-
IOTH IIPOCTi PEUOBUHU 3 MOJIEKYJIAPHUMU KpPUCTAJTIUHNMU I'paTKaMu. EiemeH-
TH, 1110 PO3TAIIIOBAaHI B cepeamHi mepiony (4K MeTasiuHi, Tak i HeMerasiuHi),
YTBOPIOIOTH ITPOCTi PEYOBWHU 3 ATOMHUMU KPUCTATIYHUMHU I'DATKAMU.

Z .

T KniouyoBa iges

-3
BHYTpILLHIN yMICT 3yMOBIIOE 30BHILLHIO MOBEAIHKY.

Q KoHTponbHi 3anuTaHHsA

128. CxapakTepusynte ¢i3nyHi BNAaCTUBOCTI PEUOBMH i3 KPUCTaNIYHUMM FpaTKaMu:
a) MmeTaniyHMMW; 6) NOHHVMU; B) MOMIEKYIAPHUMY; T) aTOMHUMM.

129. Aki TMNK XiMiYHNX 3B'A3KIB XapaKTepHi ANA PeUYOBUH i3 KPUCTaNIYHMMK FpaTKaMu:
a) aTOMHUMY; 6) NOHHVMK; B) MONEKYIAPHUMA?

130. AKMM XiMIYHMMK 3B'A3KaMU YTPUMYIOTbCA: @) aTOMU B Monekyni; 6) monekynu
B MOJIEKYNIAPHOMY KpUCTari; B) MOHM B NOHHOMY KpWCTani; r) aTOMu B aTOM-
HOMY KpucTani?

131. CxapakTtepusyinte micue B lNepiognuHin cuctemi s- Ta p-enemMeHTiB, NPOCTi peyo-
BUHM AKUX MalOTb KPUCTaNiuHi FpaTKu: a) MeTaniuHi; 6) aTOMHi; B) MONeKynspHi.

i 3aBAaHHA NS 3aCBOEHHA MaTepiany

132. MosAcHiTb, yomy kBapy SiO, i Byrnekucnnii ra3 CO, MatoTb 30BCIM Pi3Hi Gi3nuHi
BIACTVBOCTI, He3BaXkaloun Ha NoAibHUIA cknag.



§ 10. 3anexHictb Qi3NYHKMX BNACTUBOCTEN PEYOBUH Bif iXHbOI OyaoBu

133. 3 HaBefeHOro nepeniky BUMWLWITL OKpemMo GOPMynU PEYOBUH i3 Pi3HUMK
KpuUCTasiyHimMn rpatkamu y Teepfomy ctadi: MgBr,, Zn, F,, ZnO, CIZ, Si, Ca,
KNO,, HBr, Cr,(SO,),, SiO,, Li,O.

134. MopiBHANTE eNeKTPOHHI KoHirypauii atomis Kap6oHy Ta Mniombymy. Yomy
BUAANUTN eNeKTPOH i3 30BHiWHbOro piBHA KapboHy Baxue, Hix y Mniombymy?
Yomy anmas € HemeTanom, a CBUHeLb — meTanom?

135. 3a HaBegeHVM OMMCOM BUW3HauyTe KPUCTaniyHi FpaTKM PevyoBMHU: a) Cipka
€ KPUXKOK KPUCTaNTIUHOIO PEYOBMHOIO XOBTOFO KONbOPY, AKa He PO3YMHA-
etbea y Bogi, t =112,8°C; 6) kapbopyHp (cuniuin kapbig SiC), t. =2830°C, 3a
TBEPAICTIO GNM3bKMIA 4O anmasy; B) 3a 3BMYaHUX YMOB KNCEHb — ra3 6e3 Ko-
JIbOPY, CMAKy Ta 3anaxy, Mafiopo3unHHWn y Bogi, t,, =-183°C, t = =-218,7°C;
r) 6pom — uepBOHO-Bypa piAvHa 3 Pi3KMM 3anaxoMm, JIErko BUMaPOBYETLCH,
ton =185,5°C; n) cynbdyp(VI) okcua 3a 3BUYaiHNX yMOB — feTKa GesbapeHa
piguHa i3 3agywnuenm 3anaxom, t, =16,83°C, t = =44,9°C €) KpucTaniyHun
CUniUin € py)e TBEPAOK PEYOBUHO 3 MeTaniyHUM ONMCKOM, He3HAYHOIo
enekTponposigHictio, t,  =1420°C.

136. NeBHa 6e36apBHa peyoBMHa AOOPE PO3UMHAETLCA Y BOAI 1 MAa€E BUCOKY TeM-
nepatypy nnasneHHA. BucnosTe npunylieHHA Woao il KpUCTaniyHmx rpaTok.
Ym mMoxe LA peyoBrHa mMaTu 3anax’?

137. O6rpyHTYyNTE, AKI 0COBNMBOCTI OYAOBU 3YMOBIIOIOTL TaKe 3aCTOCYBaHHA Ha-
BelleHNX PeYOBUH: Milb — BUFOTOBJIEHHA €NeKTPUYHUX APOTIiB, 30/10TO —
donbra gna 30n04eHHA, anmas — pPo3pi3aHHA CKNa.

138. Yy MOXKHa 3aMiHUTK: @) antoMiHIi Ha CUNILIN ANsS BUFOTOBNIEHHS APOTiB; 6) rpa-
OiT Ha anoMIHI 3 METOI BUrOTOBJIEHHS €EKTPOAIB ANs BUPOOHMLTBA anioMi-
Hito; B) cuniuin(lV) okeng Ha kKap6oH(IV) okcva ans BUroTOBIEHHA CKIa; T) anMas
Ha rpadiT gna BUrotoBneHHA GypiB ANnA cBepANiHHA? Bignosiab obrpyHTyiTe.

139. CxapaKkTepur3ynTe NepioAnyHICTb 3MiHW KPUCTaniyHUX FpaToK TBepAMX Mpo-
CTUX PEYOBMH, YTBOPEHUX S- Ta p-eneMeHTaMu.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIro MnNCJIeHHA

140. binblwicTb MeTanis Nif Yac HarpiBaHHA PO3M'AKLLYIOTbCA, Came TOMY iX MOXHa
KyBaTW. Y1 € uei GpakT 03HAKOK TOrO, WO MeTanu — aMopOHi peyoBuHn?

141. 3a TekcTomM naparpada MNPOoINCTPYNTE B3aEMO3B'A30K MiX CKnagom Ta i-
3VYHUMUN BNACTUBOCTAMM PEYOBUH. [OACHITL NOriYHMIA NaHutor: XiMidyHWUIN
CKnag — XimMiyHWIA 3B'A30K — KpUCTaniyHi rpaTkn — ¢isnyHi BNacTMBOCTI.

142. Ik BV BBaXa€Te, UMM MOXKHa OOI'PYHTYBATU NEPIOANYHICTD 3MiHU KprCTaniy-
HMX IPaTOK MPOCTUX PEYOBKH, YTBOPEHMX S- Ta p-enemeHTammn?

143. barato MONEKynsApHNX Ta NOHHMX PEYOBUH PO3UMHAOTLCA Y BOAI @60 iHLLIMX
OpraHiyHMX PO3YMHHMKaX. Ha BigMiHy Bif HUX, MeTaniyHi PeYOBMHM MOXKYTb
PO3UMHATUCA TINbKM B iHWMX PiAKNX MeTanax abo ixHix cnnasax. Yvim, Ha Bawly
OYMKY, Lle MOXHa NOACHUTU?

Ilepesipme c60i 3Hanus 3a memor «XimivHuil 36’130k i 6y-
dosa pevosuH», BUKOHABWU MeCcmosi 3a80aHHS HA cailmi.




TEMA 3. XIMIYHI PEAKLIT

§ 11. XimiuHa piBHOBara
MpurapganTe:

+ WBMAKICTb XiMIYHOT peakLii XxapakTepusye KibKicTb yTBOpeHOi abo BUTpaueHO! pe-
YOBUHU 3a MEBHUM MPOMIPKOK vacy;

+ LWBMAKICTb XiMiYHOI peakLii 3pocTaE 3i 36iNblueHHAM KOHLEHTpaLil peareHTis, Nigsu-
LEeHHAM TemMnepaTypu Ta 3a HaABHOCTI KaTasi3aTopa;

+ eK30TepMiyHi peakuii BigOyBaTbCA 3 BUAINEHHAM TENOTU, ANA HMX 3MiHa eHTanbnil
peakuii € Big'emHoI0 BenmumHoto (AH < 0), eHpoTepMiUHi peakuii BigbyBaloTbca 3 no-
rMVHAHHAM TENIOTY, 3MiHa eHTanbnii Takol peakuii € gogaTHot BennunHow (AH > 0).

O60poTHI Ta HEOOOPOTHI peakuil

3a MOKJIMBICTIO Tepediry B IPsAMOMY i 3BOPOTHOMY HAaIpPAMKAaX XiMiuHi
peaxiii momiiAOTL HA 0OOPOTHI Ta HEOOOPOTHI.

Ob6opomHrumu € peakiiii, gki 3a MeBHUX YyMOB BimOyBaioThCA AK y IPA-
MOMY, TaK i y 3BOPOTHOMY HaIpPsSIMKaxX.

Taxk, HanpuKJIaL, 3a 3BUUAMHUX YMOB Mi’K KaJbIlili OKCHUIOM Ta BYT-
JIEKUCJIMM Ta30M IIepeBasKHO BifOYBAEThCA peakilis 3 YTBOPEHHAM KaJbIliit
KapOoHAaTy:

CaO + CO, = CaCO,

3a HarpiBauua mo Bucokoi Temmepatypu (1000°C) mepeBakHO BigOyBa-
€ThCSI PeaKilis POo3KJaJaHHsA KaJbIifi KapOoHaTy:

CaCO, £ CaO + CO,T

IIi peakIiii € IPOTUIEKHUMHU, ajie 3a MPOMIKHUX 3HAUEHBb TeMIIEpaTypu
BOHU Bifj0yBalOThCA B 000X HampAMKax ogHodacHO. OTiKe, 3a MEBHUX YMOB
peakiiisg o0OpPOTHA, IO IIO3HAUAIOTH 3HAKOM OOOPOTHOCTI:

CaCO,; &2 Ca0+CO, T

O6oporHi nporiecu norrupeHi B nmpupoxi. Ile aucoriamisa Bogu i caadKux
KUCJIOT, B3aEMO/is BOAHIO 3 OPOMOM, HOZOM, a30TOM TOIIIO.

Peakr1ii, sKi 3a MeBHUX YMOB BiI0YBAIOTHCA TIEPEBAKHO TiJIbKU B OTHOMY
HANIPAMKY, € He0O0pOMHUMU.

HeoGopoTHi Ti peakIiii, IpoAyKTH AKUX He 34AaTHI pearyBaTu OAUH 3 OI-
HUM, YTBOPIOIOUHN IIOYATKOBiI peuoBuHMU. ToMy B HEOOOPOTHMX peakriliax yci
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peareHTH B3aEMOJiIOTH OAUH 3 OJHUM IMOBHICTIO 3 YTBOPEHHAM IIPOAYKTIB
peakiii. Binpuricts peakiiii y HeopramiuHiili ximii € came HeoGOPOTHUMU,
Ha BigMiHY Big peakIiiii 3a ydacTi OpraHiYHUX PEUYOBUH.

[MoHATTA Npo Ximi4yHY piBHOBary

OGoporHi peakIii Hikoau He BimOyBaroThcA M0 KiHIA. OCKIIbKU IpsaMa
Ta 3BOPOTHA peakilii BigOyBarThCs OJHOUYACHO, TO B IIEBHUI MOMEHT 4Yacy
IxXHi MIBUIKOCTI 3piBHAIOTHCA, i HacTaHe XiMmiuHa piéHO6aza.

Bogenp i3 iogomM B3a€EMOIiIOTh 3 YTBOPEHHAM HOMZOBOLHIO, i 3a IIEBHUX
YMOB I pPeaKIlisi € 000POTHOIO:

H, + 1, 2HI

Y mouyaTKOBUUW MOMEHT Yacy B IOCYAUHI MiCTATHCA JUINIE PeareHTu —
BOJIeHb Ta oM, i iXxHi KoHIeHTpaIii MmakcumasbHi (Masa. 11.1, a). Moaexkyiu
H, i I, nounHaioTh B3a€MOAiATH OJHA 3 OJHOKI — BiA0yBa€ThCA IPAMAa De-
akmia. [IIsugkicTe Iiel peakIrii B MOUYaTKOBUI MOMEHT Yacy MaKCHUMAaJIbHA
i 3MeHIIIyeTbCS B Mipy TOro, K peareHTH BuUTpauaioThca (maja. 11.1, 0).

o
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/ KoHueHTpaLis \
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KoHueHTpauia BoAHio
B MOYaTKOBUN MOMEHT
yacy MaKkcumasbHa

i 3 Yacom 3mMeHLLy€ETbCA

c H MMicna HacTaHHA XiMmiu-
piBH-( 2) HOT piBHOBary KOHLEH-
\ Tpauii peareHTiB i npo-
/ LOyKTiB peakuii 6inblie
He 3MiHITbCA
C.(HD)

PiBH.

FigporeH noampa y nouyar-
KOBMWI MOMEHT Yacy Bif-

CYTHI, i NOro KoHLeHTpa-
LiA 3 yacom 36inbluyeTbcs

Yac HacTaHHA XiMiyHOT

/ piBHOBaru
>

PiBH. Yac
; A 4 Micna [OCArHeHHA CTa-
oot vover, g, © ) il Diowogars
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ip3 u:com 3MeHLUYETbCA 5 T) N (g el [
Y 8_ e& O/IHAKOBI i 3 Yyacom
2 7 H, + |2;>2H| He 3MiHIoTbCA
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Y no4yaTKOBUIN MOMEHT = X ——
yacy WBUAKICTb 3BOPOT- s Y Yac HacTaHHA XiMiYHOI
HOT peakuii gopisHoe 0 3 Vs piBHOBaru
i 3 yacom 36inbLuyeTbCA \ q‘,»
>
CO(HI) ¢ >
piBH. Yac

Man. 11.1. 3miHa KOHUeHTpaLii peareHTiB i NPOAYKTIB peakuii (a) Ta LWBWAKOCTI
peakuii (6) 060pOTHUX peakUill Nig Yac JOCArHEHHA CTaHy XiMiYHOI piBHOBaru
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—8~ I, maBmakm, 3BOpPOTHA peakKIlisi B ITOUYATKOBUI
MOMEHT Yacy BsaraJii He BimOyBaeTbcs, a 3i 36iJb-
IMIeHHSIM KOHIIEHTpAIlil MPOAYKTY peakIii — #omo-
BOAHI0O — ii MIBUAKiCTh migBuIyerbcs. Haperrri,
y IeBHUII MOMEHT Yacy MIBUIKOCTI IIPAMOI i 3BOPOT-
HOI peakIlifi cTalOTh OJHAKOBUMI, a KOHIleHTpaIii
peareHTiB 1 IPOAYKTY peakIlii mepecTaiTh 3MiHIO-
BaTuCA 3 yacoM. Taki KoOHIleHTpallii HasWBaWOTh
piBHOBasxkHuUMU. Hacrae cranm ximiuHOi piBHOBaru.

Man. 11.2. JuHamiyHui
XapakTep piBHOBaru

o XimiyHa piBHOBara — CTaH XiMiYHOI cucTemu, Yy AKil BifbyBaeTbcss 060pPOTHA
¢ ~@ peakLif, 3a AKOro WBUAKOCTI NPAMOI i 3BOPOTHOI peakLil OfHaKOBI.

Imoni, Kou aHANI3yIOTH CTaH PiBHOBAru, MOXKYTh 3POOUTH ITOMUJIKOBUNA
BHUCHOBOK, IO B CHCTEeMi HiuOro He BimOyBaeThCsA, OCKIIBKH HE 3MiHIOIOTHCS
KOHIIeHTpAIlii Bcix KoMIoHeHTiB. Ajie i mpsma, i 3BopoTHa peakIlii Bim-
OyBalOTHCA OJHOYACHO 3 OJHAKOBUMM IIIBUAKOCTAMU: CKiJIBKM HPOAYKTiB
YTBOPIOETHCA 3a ONWHUIIIO Yacy B Pe3yJbTaTi IPAMOI peakrIlii, CTiIBKU K
i BUTpavaeThbCcs y 3BOPOTHi. XiMiuHa piBHOBara Mae JTUHAMIUHUHA XapaKTep.

JduHaMiuHI XapakTep PiBHOBATY MOYKHA IPOIJTIOCTPYBATH HA IPOCTOMY
OPpUKJIALi: YSIBiTh pesepByap i3 BOMOIO, V SKUHA 3 OAHOro OOKY BOJa BJIMBA-
€ThCA, a 3 iHmIoro — BumBaeThbea (Mas. 11.2). AKimo mBUAKiCTD, i3 KO0
BOJla BJIWBAETHCHA, MOPIBHIOE IIIBUAKOCTI, i3 AKOI0 BOJa BUJIWBAETHCS, TO
PiBeHBb BOIM B pe3epByapi He 3MiHIOETHCHA.

Bnnme 3miHM KOHUEeHTpaLuil pe4YoBMH Ha CTaH XiMiYHOI piBHOBaru

Bararo mpomuciioBO BasKJIMBUX peakiliii € oboporHumu. 11106 mocArTu
O1JIBIIIOT0 BUXOAY IIPOAYKTiB peakIlii, moTpiOHO HABUMTHCS KepyBaTH PiBHO-
Baroo, amimryoun i B Toi uu immuit 6ix. OCKiJIbKY cTaH piBHOBAru BU3HAa-
YaeThCA IMBUAKOCTSIMU IIPAMOI 1 3BOPOTHOI peaxIiiii, TO BiH 3aJIe}KUTh BiJ
THUX CaMUX YMHHUKIB, II0 1 IMBUAKICTH, a caMe BiJl KOHIIeHTpAIlil peuoBUH,
TeMIepaTypu Ta THUCKY (AJid peakIliii 3a ydacti rasis).

PosriaapMoO peakIliio CMHTE3y aMOHiaKy 3 IPOCTHUX PEYOBUH:

N, + 8H, &2 2NH,

Ilicna samimryBaHHS a30Ty 3 BOJHEM Ta HarpiBaHHA 3a IIEBHUI Yac y CUC-
TeMi BCTaHOBJIIOETHCSA PiBHOBAra 3 MeBHUM YMiCTOM a30Ty, BOAHIO I aMOHIaKy
(mas. 11.3, a), a MIBUAKiICTh peaKI[ili CUHTe3y Ta PO3KJIaJaHHSI aMOHiaKy
OTHAKOBA.

SKmio go miei piBHOBaKHOI CyMiIli gJomaTw asoT, TO IIBUAKICTHL MPAMOI
peaxiiii 3pocTe BHACIILOK 30i/IbIIeHHSA KOHIeHTpAaIlii peareuty (Mmaa. 11.3, 0).
CraH piBHOBArum HOPYIIUTBHCS, IPU IIBOMY KiJbKiCTH yTBOPEHOI'0 aMOHiaKy
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Man. 11.3. 3milleHHA cTaHy piBHOBaryM B pasi 3MiHU KOHLeHTpaLii peuyoBMH: @ — MoyYaTKoBa

pisHoBaxHa cymiw N,, H,, Ta NH,; 6 — nopaBaHHA N,; 6 — HOBUI CTaH piBHOBary, 3a AKOro

BMICT @30Ty B CyMmili Ginbwunid (yHacnigok Moro foaaBaHHA), aMOHiaKy — 6inblumin (yHacnigok
YTBOPEHHSA), @ BOAHIO — MEHLUNIA

Oyze 30iJIbITyBATUCA TOTHU, JOKU IMBUIKICTH MOT0 PO3KJIATAHHS 3HOBY HeE I0-
piBHIOBaTHMME IIBUAKOCTI HOTO YTBOPEHHSA, TOOTO IOKU He Oyae MOCATHYTO
HOBOTO cTaHy piBHOBarum (Maja. 11.3, 8).

Omxe, fomaBaHHA peareHTiB M0 PiBHOBaKHOI cyMiIli 3mimrye piBHOBary
B Oik mpoayKTiB peakitii. [omaBaHHSA MPOAYKTY, HaBIAaKU, IIPUCKOPIOE 3BO-
pOTHY peaxkIlito i aminiye ximiuHy piBHOBary B 6iK peareHTiB.

IIpaBunbHUM € TAaKOXX i 3BOPOTHE TBEPIKEHHA: BUAAJEHHA OLHOTO
3 IPOAYKTIB peakIrii 3 piBHOBa:KHOI cymirmi 3mimnrye piBHOBary B GiK Ipo-
IVKTiB, IO 3PEIITOI0 PoOUTh Imporec HeoboporHuM. CamMe TOMYy BUAAJEHHS
PevoBUH i3 PO3UMHY y BUIVIALL ocany abo rasy € yMOBOIO HeoOOPOTHOCTI
peakiIiiii ToHHOTO OOMiHY.

s obopoTHOI peakiii y crani piBHoBaru: A=B
HomaBaHHS A — IPUCKOPIOE IPAMY peakIlifo — piBHoBara sMiniyetrbcs B 6ik B
Bupanenua A — raapMye IpAMY peakililo — piBHOBara 3MilIyeTbcsa B 0iK A
HomaBauusa B — mpucKkopioe 3BOPOTHY peakIlito — piBHOBAara sMillyeThbcs B 6iK A

Bupanenusa B — rasbmMye 3BOPOTHY peakiliio — piBHOBara sMinyeTbed B 6ik B

ITi BucHOBKUM mI10/10 3MiIlleHHS pPiBHOBaru B Pasdi 3MiHM KOHIIEHTpAIliit
KOMIIOHEHTIiB PiBHOBAKHOI CyMiIlli € OKpeMUM BUIIAJKOM 3aTaJIbHOTO NPUH-
yuny 3Miulenna XimivHoi pieHogazu, chopMyIbOBAHOTO (DPAHIY3bKUM XiMi-
koM Amnpi Jle IIlarenne:

AKWO Ha pPiBHOBa)KHY CUCTEMY BMIMBATU 330BHi, 3MiHIOOUN ByAb-AKY YMOBY
piBHOBaru (Temnepatypy, TUCK, KOHLEHTpaLUilo KOMMNOHEHTIB), TO piBHOBara
3MilyeTbca B OiK MPUCKOPEHHA MPOLECiB, CNPsAMOBaHMX Ha NOCNabaeHHA
30BHILLHbOrO BMNJUBY.

o,
;e
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3BepHiITH yBary Ha Te, II[0 BUPA3W «3Mi-
IIeHHs piBHOBAru B OiK Tiel um iHITOI pearIrii»
abo «B OiK TPOAYKTIiB UM peareHTiB» O3HAYa-
IOTH 30iJbIIeHHA KOHIIEHTPAIIil IIPOAYKTIB a00
peareHTiB 11iel peakirii mMOpiBHAHO 3 IIOIIEPEN-
HIiM CTaHOM piBHOBaru.

Bnane 3miHn Temnepatypu cepenosuLla
Ha CTaH XiMi4YHOI piBHOBaru

Jna Bu3HAUEHHA BIJIMBY 3MiHU TeMmepa-
TypHu Ha CTaH piBHOBaru HeoOXiTHO BpaxoByBa-
TH 3MiHYy eHTaJbmii peakiiii. 3BepHiTL yBary,
1o 3MiHa eHTaNbIil 3ajeXKUTh Bif HaAIpPAM-
Ky peakrIii. [[ia Oyab-aKoi 060poTHOI peak-
mii: AKIIO mpAMa peakilid € eK30TepPMidHOIo,
TO 3BOPOTHA — EHJOTEPMIiUHOIO:

A — B; AH<O0

B — A; AH>0

Anpi Jlyi Jle WaTtenbe
(1850-1936)

DpaHuy3bkuin GisvK i Ximik.
CoopmynioBaB npaBusio 3Mmi-
LWEeHHA XiMiYHOI piBHOBarun

HarpiBanHsa piBHOBa'kHOIL
cyMirmi aminye piBHOBaAry
B OiK eHmoTepMiuHOI pe-
aKIii, a oxXoJIoqyKeHHA —
y 6iKk eks3oTepMiuHOI

SAxrmio BimbyBaeThcsa eK30TepMiuHa peakilid, TO peakxIlifiHa CcyMiIll Ha-
rpiBaeTbcd, i maBmaku. OTiKe, BigmoBigHo mo mpunnuny Jle Illarense, min-
BUINIEHHA TeMIiepaTypu (HarpiBaHHA) PiBHOBa'KHOI cyMiIi Mae sminryBaTu
piBHOBary B OiK OXOJIOM)KEHH:A, TOOTO IIPUCKOPIOBATHU Ty peakiliio, y aKii

TelioTa IIOIJIMHa€ETbCA, i HaBmakKwM.

Posrinsmemo BIJIMB TeMIlepaTypu Ha CTaH XiMiuHOI piBHOBaru Ha mpu-
Kaaxi peaknii gumepwmsarnii HiTporern(IV) oxcmuay. Cam wuiTporen(IV)
okcug NO, — iHTeHCUBHO 3a0apBJIeHMI YePBOHO-KOPUYHEBUMH ras, Iif dac
ioro numepusaiii yreoproersesa 6e3bapsauii N,O, (IMHITPOTEH TeTPaOKCHU):

2NO, &2 N,0,; AH=-58 k[l»x/mMop

&

Man. 11.4. HarpisaHHs pisHoBaxHoI cymiwi (2NO, = N,0,) 3miuye pisHoBary B 6ik po3kna-
[aHHA [MMepy, NPO WO CBijUMTb NOCUMNIEHHA YePBOHO-KOPUYHeBOro 3abapBneHHsA (a), a mig vac
OXONOAKEHHA piBHOBara 3MillyeTbcA B GiK YTBOPEHHA AnMepy, i cymil 3HebapBioeTbeaA (6)
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IIpama peaxiiia ammMepusallii € eK30TepPMiUHOMO: TeIlJIoTa BUMIJIAETHCH,
i cymimr HarpiBaeTbcs, OT:Ke, IJIA 3MIIlleHHsI piBHOBaru B O0iK mpsaAMoi peakIrii
HeoOXiZHO piBHOBasKHY cyMiin oxojomskysatu (MmaJi. 11.4, 6). Peakiia pos-
KJaJaHHsA OUMEPY € eHIOTePMiuHOI0, TOMY AJiA 3MillleHHA piBHOBaru B OiK
3BOPOTHOI peakIlii HeoOXigHO HArpiBaHHA piBHOBaKHOI cyminri (maa. 11.4, a).

Bname 3miHM TUCKY Ha cTaH XiMiYHOI piBHOBaru

Tuck 6GesmocepeaHLO He BILIMBAE Ha MIBUAKICTh XiMIiUHMX peaxirii.
Ane migBUINIEHHA TUCKY COPUUYUHAE 30iJbINIeHHA KOHIEHTPAI[l rasdyBaTUx
peuoBuH. OTiKe, 3MiHAa THCKY 3YMOBJIIOE 3MIiIl[eHHA PiBHOBATU TiJIBKU JIs
peakrIriii 3a y4acTi rasiB, JO TOTO K IIiJ Yac IIUX peaKIliil Mae 3MiHIOBATUCSA
3arajbHa KiJIbKiCTh MOJIEKYJ Tra3yBaTHUX PEYOBUH.

3riguo 3 mpuununom Jle IllaTenbe, MigBUIIIEHHA THUCKY 3MIilllye PiBHO-
Bary B OiK SHMIKEHHS TUCKY B PiBHOBasKHiil cyMmiri, TOGTO 3MeHIITeHHSA Kilb-
KOCTi MOJIEKYJI Ta3yBaTUX PEUOBUH, a 3HMIKEHHA TUCKY 3MiIllye piBHOBAry
B OiK 30iJbIlIeHHSA KiJIBKOCTI MOJIEKYJI radyBaTHUX PEUYOBUH.

Jla obopoTHOI peakuii y crani piBHoBaru: A=2B
ITpama peakiiig — OigBUIIyE TUCK Y PiBHOBAMKHiN cucTeMi
3BOPOTHA peakKIlis — 3HMKYE TUCK Y PIBHOBaXKHil cucTemi

ITigBuIIeHHA TUCKY 330BHI — 3Milllye piBHOBary B 6iK 3BOPOTHOI peakIrii

SHMKEeHHA TUCKY 330BHI — 3MiIye piBHOBAry B 6iK mpsaMoi peakIrii

Hampuraazn, y peakiiii cuaTe3y aMOHiaKy KiJIbKiCTh MOJIEKYJ Tra3yBaTUX
peuoBuH 3MeHIIyeTheA (3 4 m0 2), ToOTO IIig uac MpPAMOI peaxilii SHUMKY-
€ThCA THUCK y CHUCTEMi:

N,(r.)+3H,(r.) = 2NH,(r.)
AN AL iy A

4 Mosnexyu rasis 2 MoJsiekyiu rasiB

Man. 11.5. 3milleHHA cTaHy piBHOBarM B pasi 3MiHW TUCKY: d — MOYaTKOBa PiBHOBa)KHa CyMilLll
N,, H,, Ta NH;; 6 — 3meHwweHHA 06'eMy CyMillli, WO CAPWUYMHAE NiABUILEHHA TUCKY; 8 — HOBUI
CTaH piBHOBAry, 3a AKOro BMICT aMOHiaKy 6inblunii, @ BOAHIO Ta a30Ty — MEeHLUWN
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® — o,

Man. 11.6. 3milweHHA cTaHy piBHOBaryM peakuii po3knafgaHHA BarHAKY B pasi 3MiHU TUCKY:
a — MOYaTKOBMIN PIBHOBaXHWI CTaH; 6 — 3i 3MEHLIEeHHAM 06'eMy NiABULLYETLCA TUCK i 3MEH-
LIYETbCA KiNbKICTb BYMNEKMCIOrO rasy, piBHOBara 3millyeTbca B 6iK peareHTis

IligBuienEA THCKY 3Milye piBHOBary B OiK 3MeHIIeHHA KiJbKOCTI
MOJIEKYJI TrasiB, TOMY 3a IIiJABUINEHHS THUCKY PiBHOBara 3MiInyeTbcsa B OiK
OpoayKTy peakirii (mas. 11.5, c. 57).

Y piBHOBaKHilI cucTeMmi peakrIrii pos3kJagaHHA BaOHAKY OB pPEUOBUHU
(BamHAK i KaJbIIili OKCHUI) TBEPHi, Ha iX KOHIIEHTPAIIil0 THCK He BIJIUBAE.
Are B 1ifi peakIii sMiHIOEThCA KiJbKICTh MOJIEKYJ ra3yBaTol PeUOBUHIN:

CaCO4(TB.) = CaO(TB.)+CO,(r.)

0 MoJIeKyJI rasis 1 mosnekyJia rasis

IIig uac mepebiry mpsamoi peakiiii BigOyBaeThbCsA MHiABUINEHHS TUCKY,
TOMY ITiIBUIIEHHS TUCKY 330BHi 3MiIllye piBHOBAry B 0iK 3BOPOTHOI peaxirii
(mag. 11.6).

V peaxiii cuHTe3y rigporeH Hoguay 3 IPOCTHUX PEUYOBUH KiJIBKiCTH MO-
JIEKYJ ra3yBaTUX PEUYOBUH He 3MiHIOETbCS (0 i micasa peakirii mo 2):

H,(r)+1,(r) = 2HI(r.)
— —
2 MoJieKyIu rasis 2 MoJeKyu rasis

Ha cran piBHOBarm Takux peaklliii 3MiHa THCKY He BIIJIUBAaE.

Bnnme HaABHOCTI KaTanisaTopiB Ha CTaH XiMiYHOI piBHOBaru

V pasi momaBaHHSA KarajisaTopa OO cyMimIi, mio mepeOyBae B CcTaHi Xi-
MiuHOI piBHOBaru, MPUCKOPIOIOTHCA SAK IMIPAMA, TaK i 3BOPOTHA peakiIlii,
IO TOTO JK INBUAKOCTI 000X peakIliii migBUINYIOTHCSI OZHAKOBO. PiBHOBara
mpu 1boMy 30epiraerbcs. OTiKe, KaTaxisaTop He 3Milllye piBHOBAry, a TiJIbKHU
TIPUCKOPIOE 11 BCTAHOBJIEHHA.

BukopuctaHHA 3HaHb NPO 3MilEeHHA XiMiYHOI piBHOBarm
ANA PO3B'A3aHHA TEXHOJNOTIYHUX Npobnem

BinbimicTs MPOMMCI0OBO BaKJIMBUX XIMIUHMX peakiliii € 000pPOTHUMIU.
Ile osmauae, 0 He BCi peareHTW HEePETBOPIOIOTHCA Ha MPOAYKTU peaxIrii.
Towmy micasa B3aeMomii 3 piBHOBasKHOI cyMiIri HeoOXigHO BUAAIUTY IiJIHOBUHI
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MIPOAYKT PeakKIii, a peareHTu, M0 3AJUIINJIUCSA, IIOBEPHYTH B PeakTOp AJIA
MOJAJIBIIIOTO TIEPETBOPEHHS.

TpannsaTbca BUTaJKM, KOJIU 3a JKOPCTKUX yMOB (i HaBiThH 3a HaABHOCTI
KaTajlizaTopiB) CTYIIiHL IIEPETBOPEHHS PEeareHTiB HA NPOAYKTHU AY:Ke MaJIUi
(10% i menme). ¥ TakoMy pasi TEeXHOJIOr HiAIPUEMCTBA MAa€ BUPIIIUTHA
TEeXHOJIOTiuHy IpobjeMy:

- obpaTu Taki ymMoBU peakiril, 11060 MaKCHMAaJIbHO 3MIiCTHUTH PiBHOBAry
B OiK MPOAYKTiB peakirii;

* IUIsI 3MEHIIIeHHs co0iBapTOCTi IPOAYKILil 00paT YMOBU SAKOMOT'Aa MEHIII
JKOPCTKi: HMIKYY TeMIlepaTypy ¥ THUCK, 3MEHIIIUTH BUTPATH AOPOTUX pea-
TeHTiB i KaTaJizaTopis.

3aBnaHHga. BusHauTe, AK BIJINBA€ IIiABUINEHHS TeMIIepaTypu H THC-
Ky Ha BUXIiJ IPOAYKTIB y peakIliax. 3ampoIoHyHTe Hii IJad MaKCHUMAaJIbHO
e()eKTMBHOTO Pe3yJbTaTy YTBOPEHHS MPOAYKTY PearIrii.

a) CO4(r.)+C(1B.) 22 2CO(r.); AH >0

IIpama peakIiia Big0yBaeThbCcsa 3 MOTJIMHAHHAM TEIJIOTH, TOMY HarpiBam-
HA COPUATUME 3MIiIlleHHI0 piBHOBarm B 0iK mpamoi peakiii, TOOTO BUXin
yagaoro rasy CO 36igbimuThbesd. Y Xomi nmpsmol peakilii sarajbHa KiJbKicTb
MOJIEKYJI Ta3yBaTUX PEUOBUH 30iJbIITyeTHCA (BYTJIelb epedyBae y TBEPAOMY
cTaHi, oTO0 He BPaxoBYIOTh). OTiKe, 30ibIIIEHHS TUCKY CUpPUATUME Iepebi-
ry 3BOpPOTHOI peakiiii, piBHoBara s3micTuTbcsi B O0iK peareris, i Buxim CO
3MEHIIIUTHC.

Taxum unHOM, s 30iIbIIEHHS BUXOAY UYaJAHOTO rady peakIlito HeoOXimHo
TPOBOAUTH 3a AKOMOTA OiJIBIIIOI TeMIepaTypu Ta SSKOMOTa MEHIIIOTO TUCKY.

6) H,(r.)+S(p.)2H,S(r.); AH <0

ITpsma peakiiis BigOyBaeThCs 3 BUIIJIEHHAM TeIJIOTH, TOMY HarpiBaH-
HA cnpuATuMe mnepebiry 3BOpOTHOI peakirii, piBHOBara aMicTUThCA B OiK
peareHTiB, i BuUXiJ CipKOBOAHIO 3MEHIIUTHCS. ¥ IIilfi cHUcTeMi KiJIbKicTh
MOJIEKYJI Ta3yBaTWX PEUYOBUH He 3MiHIOETHCA (CipKa mepebyBae B pigrKomy
craui, ii He BpaxoByIOTh), TOMY THCK He BILIMBATUME HA CTAH PiBHOBAru
i BUXig IPOAYKTY.

Ot:xe, nys 30iJbIIIEHHS BUXOAY CiPKOBOIHIO PEAKI[il0 MOYKHA IIPOBOAUTH
3a OyIb-AKOT0 3PYYHOTO JAJIS TEXHOJOTIYHOTO MPOIECY THUCKY Ta 3a0e3MeunTn
SKOMOTa MEHIIy TeMIIepaTypy, 3a AKOl cipka IepeOyBae B pifKoMy cTami.

%

KniouoBa iges

PiBHoBara — dyHAameHTanbHe MOHATTA AnAa Oyab-AKOro npouecy. 3HaHHA Mpo
XiMiuHYy piBHOBary Jonomarae opraHisyBatu 6inbll feleBuii i 3pyUYHUIA TEXHONMOTIY-
HUI NpoLec OfepaHHA PEYOBVH.

7
-9
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o

S

KoHTponbHi 3annuTaHHA

144. AKi xiMmiuHi peakuii Ha3nBaloTb 060POTHMMIU? HaBeaiTb MPUKIAAN TaKUX PeaKLii.

145. HaBegiTb No ogHOMY MpuKagy OOOPOTHUX peakuill, y AKX peareHTamu €:
a) OBi rasysati peyoBuHY; 6) pigka Ta rasyBaTa pPeyoBUHY; B) TBepAa 1 rasy-
BaTa PeYOBMHU; T) OAHA TBEPAA PeYOBMHa.

146. LLlo po3ymitoTb mig XimiyHOWO piBHOBarow? AKMM € CTaH XiMiYHOI piBHOBaru:
CTAaTUYHMM Y/ ANHAMIYHUM? AK Le MOXHa aoBecTu?

147. Chopmynionite npuHumn Jle LWatenbe i npoinocTpyiiTe NOro Ha Nprknagax.

148. AKi UNHHUKM | AK cCame BM/IMBAKOTb Ha CTaH XiMiYHOI piBHOBaru?

149. HaBepitb npuknag o60poTHOI peakuii 3a yyacTi rasyBaTuX PeYoBUH, Y AKil
CTaH piBHOBArn He 3aneXxuTb Bif TUCKY.

150. Y yomy nondArae KOpUCTb 3HaHb MPO XiMiYHY piBHOBary?

3aBAaHHA ONA 3aCBOEHHA Ma'repiany

151. ik BNAvBaTMMe 3MiHa TemnepaTypu N TUCKY Ha CTaH PiBHOBaru i Buxig npo-
BYKTiB y npoLjecax?

a) 2Hg + O, 22 2HgO; AH < O; a) N, + O, 2 2NO; AH > 0;

6) H,0 & H* + OH7; AH > O; e) N,O,(r) & 2NO,(r.); AH > 0;

B) FeO + CO & Fe + CO,; AH < 0; €) Hy(r) + L,(r) & 2HI(r); AH > O;

N H,0(p.) & H,0(r); AH > 0; x) CaCO,(tB.) &2 CaO(18.) +CO,(T); AH>O.

152. AKi YNHHMKK CNPUVATD NiABULWEHHIO BUXOAY NPOAYKTIB MPOMMCIOBO BaXKu-
BUX peakuin?

a) 4NO, + O, + 2H,0 &2 4HNO;; AH < 0; 1) 250, + O, & 2S0;; AH < 0;
6) C+H,0=2CO + H,; AH > 0; a) CO + 2H, & CH,0H; AH < 0.
B)N, +3H, = 2NH;; AH < 0;

153. Cymiw, wo mictntb cynboyp(lV) oKkcup i KMCeHb KiNIbKICTIO PeyoBMHU MO
2 MOfib, Harpinu 3 KatanizatopoMm. licna BCTaHOBMEHHA piBHOBAryn B CyMilli
BuABneHo 1 Monb SO,. O6UMCNITb KiNbKOCTI PEYOBUHY PeareHTIB Y PiBHOBaM-
HiN CymiLui.

3aBp,a|-||-|;| 3 PO3BUTKY KPUTUYHOIro MMUC/NIEHHA

154.Y cTaHi piBHOBary CniBBiAHOWEHHA KOHLIEHTPaLiil peareHTiB Ta MPOAYKTiB
peakuii cTane i He 3aneXnTb Bi MOYATKOBOI KiNbKOCTI peareHTiB. [TpoKomMeH-
TYWTe Le TBEPAKEHHA 3a rpadikamu:

A

N
o
>
N
o
>

—_
w
—
wv

NO NO

N0, N,0

274

o
[6,]
o
[6,]

KinbKicTb peyoBvHU, MOSb
-
k)

KinbKicTb peyoBuHW, MOnb
-
k)
N

o
\]
o
\J

Yac Yac
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155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

BunantoBaHHA BarnHsKy — 060poTHa ximMiuHa peakuia: CaCO, &2 Ca0 + CO,;
AH > 0. lNoAcHiTb, i3 AKOI MeTOK Kpi3b BaMHAK Mif YaC BUMNaNOBaHHA NpoO-
nyckatoTb MOBiTPA.

Lns peakuii cMHTe3y amoHiaky nobyaynte rpadikv 3miHWU KinbKOCTi pevyoBu-
HM @30Ty, BOJHIO 1 aMOHiaKy Mif Yac JOCATHEHHA PIBHOBA)KHOTO CTaHy, AKLLO
MOYaTKOBA KiNbKiCTb PEUYOBUHU a30Ty AOPIBHIOE 3 MOfb, BOAHIO — 8 MOnb,
a KinbKiCTb peYOBMHM aMOHiaKy B PiBHOBaXHi/l CyMilli 3a NeBHMX YMOB CTa-
HOBUTb 4 MOJIb. (3pa3kom MOXYTb ByTU rpadiku i3 3aBaaHHA 154.)

Y popaTKoBUX AKepenax 3Hahpite iHbopmauito Wwono BUPO6HMLTBA ra3oBa-
HUX HanoiB. MNOACHITb i3 TOUKN 30pYy XiMIYHOI PiBHOBarv ymoBY BUrOTOBNEHHA
TakMX HanoiB Ta 30BHIWHI edeKTn, WO CYNnPOBOAXKYIOTb BIAKPUTTA MAALLKN
3 ra3oBaHoO BOAOIO.

fIK BM BBaKa€Te, WO € NMPAKTUYHO BUTIZHILLMM AnA 3MilleHHA piBHOBaru pe-
aKLiT CMHTE3y aMOHiaKy 3aa/s 3MEeHLLEHHA COGiBapTOCTI NPOAYKTY: a) 36inb-
WeHHA TUCKY B peaKTopi; 6) 36inblweHHA KOHLEeHTpaUil a3oTy; B) 36inblueHHsA
KOHLeHTpauil BogHio? Bignosigb obrpyHTyinTe.

Lo, Ha BaLly AyMKY, MOXe MepeLlKOAUTM XiMiYHIN cncTemi JOCATTU CTaHy piB-
HoBaru? Bignosigb npoinocTpynTe npuknagamu.

Yy MOXHa MOHATTA NMPO piBHOBAary Ta yMOBU 1i 3MillleHHA 3acTOCOBYyBaTW AfA
iHWKX (He ximiyHuXx) NpupoaHnX Asuw? [oBefiTb CBOW AYMKY, HaBefiTb npu-
Knagw.

3a vac cBoro icHyBaHHA aTMocdepa 3emni wWe He AocArna CTaHy piBHoBaru
3i CBITOBUM OKeaHOM Ta FPYHTOM. flK BM BBaXKa€Te, AKI YNHHUKM «BifMNoBiganb-
Hi» 3a ue?

Yy MOXHa NOHATTA NPO XiMiYHY piBHOBary 3acToCOBYBaTW AJ1A XapakTepucTu-
KN npouecy pO3YMHEHHA PEYOBUH, MOACHEHHA iICHYBaHHA HacM4eHuX, nepe-
CUYeHMX Ta HeHacM4yeHUX pPo3unHiB? Bignosigb obrpyHTyiTe.

AKLO HacKYeHU PO3YMH NEBHOI PEYOBMHUN NepebyBa€e B KOHTAKTI 3 nogpio-
HEeHVMMW KpuCTanamy Ui€i peyoBUHYM, TO 3 YaCOM HalApiOHiWi Kpuctanukm
3HMKAIOTb, @ HAMGINbLWI YKPYMHIOTbCA (3pOCTaloTb). Y MOXHa NOACHUTY Liel
baKT, BUKOPUCTOBYIOUM NOHATTA NPO AMHaMiYHy piBHOBary?

Y piBHOBaXKHI CyMilli Macu peareHTiB i NMPOAYKTIB peakuii He OfHAKOBI.
Un € e nopyLeHHAM 3aKoHY 36epexeHHs Macu B XiMiuHUx peakuiax? Bigno-
Bifb OOr'pyHTYyIiTE.

BbeH3oMHa Kncnota — apomaTUyHa OJHOOCHOBHA Cflabka KucnioTa. 3pa3ok
TBepaoi 6eHsonHoi kncnotm C,H.COOH nepebysac B piBHOBa3si 3 Hacuue-
HUM PO3YMHOM 6EH30IMHOI KUCNOTU. [lo po3unHy Aofany HeBennKy KibKicTb
Baxkoi Boan D,O, wo mictute Hyknig JewnTepio 2H. Po3uuH BUTPMManu 3a
KiMHaTHOI TemnepaTypw Kifibka FOAUH, a NOTIM KprUCTanu H6eH30MHOT K1ucno-
TV BigdinbTpyBanu Ta BUCYWMAN. AHaNi3oM yCTaHOBWAY, WO TBEPAUN 3pa3ok
6eH30MHOI Kncnotn mictutb monekynu C,H.COOD i3 Hyknigamu [lentepito.
MoAcHITb, yHaCNifoK AKNX MpoLeciB Lie MOrfo CTaTucs.



§ 12. Po3B’A3aHHA 3afjay 3 ypaxyBaHHAM
BiAHOCHOrO BUXOAY NPOAYKTY peakKuii

Mpurapaite: dopmynn Ana o6YMCNIEHHA KiIbKOCTi PeUYOBUHM.

ITix vac XiMiuHUX IIPOIlECiB HA BeIUMKUX XiMiUYHMX HiIpHEMCTBAX Tpam-
JISIOTHCSA BTPATHU I[iJTHOBOTO MPOAYKTY. HacTo 1e moB’sA3aHO 3 TUM, IO TIEBHY
XiMiuHy B3a€MO/[i10 HEMOYKJINBO 3AiCHUTH 10 KiHIA. OTiKe, IPOAYKTY peak-
il peaJbHO OTPUMYIOTH MEHIIIe, HidK MaJu OTPUMATHU 34 PO3PaxXyHKaAMU 3a
MacaM¥ peareHTiB, sgKi momictuau B peakTtop. L[i BTpatu xapaKTepusyoTh
6i0HOCHULL 8uxid npodyxkmy peakuil — 1 (TpelnbKa OyKBa «eTa»), AKUI 4acTO
HA3WBAIOTh IIPOCTO «BUXIiJ IPOLYKTY>.

BigHocHMIT BUXiT HPOAYKTY peakIlii o0UMCIII0I0Th K BiTHOIIEHHA Macu
OPONYKTY PeakrIlii, AKy peasbHO oTpuMaHo (il vacrime Ha3WBAIOTH «IIPaK-

TUYHA Maca» i IM03HAUAIOTH mnpam‘), IO Macu OPOAYKTY peakIii, AKy maam
OTpUMATH 3 HASBHUX y PeaKkTOpi peareHTiB («TeopeTWYHa Maca, M eop ):
m
_ IPaKT.
n=—— (1)

mTeop.

BigaocHU BUXif mpoayKTy peakirii MosKHA BUPAYKATH! Y BiICOTKAX, AJIA
I[BOTO PE3yJAbTAT AiIeHHI HeoOXigHo momMuoKuTr Ha 100 % :

mr[pa}c'r. 0
n=—2" 100 % (2)

m Teop.

Hia obunciieHHA BiHOCHOTO BMUXOAY 3aMiCTh MacHU HPOAYKTY pearirii
TaKOo’K MOJKHA BUKOPUCTOBYBATH 00’€M a00 KiJIbKiCTh PEUYOBUHU!:

v

npaKT. nl‘[ aKT.
= a6o M= (3)

TEop. n Teop.

T]:

3BepHITH yBary:

+ obuuncyaeHHns 3a opmyaamu (1)—(3) sxilicHOOTE i3 BeauumHaMu (Maca
- i M eop.2 06’eM Vnpam. i VTeop_, 'KiJII:KiCTL DPEUOBUHU Ty, i nTeOE.),
10 CTOCYIOThCA JIMIIIe MMPOAYKTY peakIlii, aje B »KOJHOMY pasi He peareHTiB;

1751 O0UYMCJIeHDb 3a PiBHAHHAMM XiMiUHUX peaKIliii MOKHA BUKOPUCTO-
BYBAaTHU JIUIIE BEJIUYNHU, 1110 HABUBAIOTh TEOPETUUYHUMU (mTeOp', VTeop_ i nTeop.);

* B yMOBaX 3aJlau «IIPAKTUYHi» BeJIUUUHU (mnpam_, Vnpam i nTeop.) JIETKO
BiIpi3HUTHU: PO HUX NUIITYTh TaK, HIOUTO PEYOBMHY HEOOXiTHO peasibHO
omep:katu (abo0 B)Ke OLEPIKAaHO) «Ha PYKH», TOOTO peasbHO 3amaKyBaTu
W BimmpaBUTU Ha CKJIAL;

* IJIA OOYMCJIEeHb 3PYUYHiIlle BUKOPUCTOBYBATY BiJHOCHUN BUXiJ IPOAYK-
Ty peakIlii B yacTKax BiJ OoOWHUII, a He y BiCOTKaxX, TOMY mepeln pO3B’sd-
3aHHAM BiJCOTKHW CJIiJl IIepeBeCTH B YACTKU Bia ommHuUIl (AK i y BUOAIKy
3 MAcOBOIO YAaCTKOIO PO3UYMHEHOI PEYOBUHU).
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3amaua 1. O6uwucaite BimHOocHUMU Buxin cyiabdyp(VI) okcumy, AKImMO i3
cynbhyp(IV) okcuny o6’emom 123,2 1 (H. y.) omep:kano cyabdyp(VI) okcupg
macoio 392 r.

Po3sé’asanns:

Hagenena B ymoBi maca cyasdyp(VI) okcungy — e Maca IpakKTUYHO OJEPIKAHOT0
TPOAYKTY (mnpam.(SO3) = 392 r), omke, 11100 OOUUCIUTHU BiZHOCHUUN BUXix IIpo-
IYKTY, CIIOUaTKy HeoOXigHo obuuciauTu Teoperuuny macy cyabdhyp(VI) okcumay
3a PiBHAHHAM peaxIrii:

280, + 0, = 280,
n(S0,) _ n(S0,)
2 2

V(S0 123,2
(80,) _ 1 —5,5Moun, oTiKe, N

V.,  22,41/moms reop-

M eop. (80,) = n(SO,) - M(SO,) = 5,5 moas - 80 r/mMonb = 440 T.
Tob6ro 3a piBHAHHAM peakiiii maso yreopuruca 440 r cyasdyp(VI) oxcuny,
a peaabHO yTBOopMIocsa 392 r. Orike, BITHOCHUI BUXiJ MIPOAYKTY peakIlii mopis-
HIOE:

n(S0,) = (S0;) = 5,5 moub.

SO, 392
n= M, (805) g =0,89, a6o 89 %
(SO,) 440t

'reop

Bidnoeidv: Bignocuuii Buxizn cyasdyp(VI) okcuny cramosuts 89 % .

3amaua 2. OGuuciaite o6’em etuny C,H,, 1mo moxxHa onep:kaTu pPO3-
kaaganaAmM metany CH, o6’emom 250 Ji, AKIO BiAHOCHWI BUXiJ IPOAYKTY
peakiiii cranoButb 75 %.

Po3sé’asanns:

VY 3agaui iieThes Mpo 00’ €M eTUHY, 1110 MOYKHA OIeP:KaTI PeabHO, TOOTO ITPaKTIU-
HUM 00’eM eTHHY. 3a PiBHAHHAM peakKIlii 00UunCcaI0eMO TeOPETUUHNI 00’ €M eTUHY
2CH, = C,H,, + 3H,

s po3B’ss3aHHA Ii€l 3a1aUi yMOBH, 3a AKUX BUMIPAHUH 00’€M MeTaHy, He MAlOTh

3HAUEHHS, TOMY BUKOPHUCTOBYEMO 3aKOH 00’ €MHIX CIiBBiIHOIIEHD:

V(CH,) _ V(C,H,) 10670
2 1

V(CH 250
Teop (CZHZ) ( 9 4) = T
ITeit 06’em eTuHY MaB 6M YTBOPUTUCS, SKOU He 0yJI0 TOOIYHUX IIPOIECiB, a peab-
HO OIEPKaHUi 00’€M O0UYMCII0EMO 3 YPAXYBAHHIM BiHOCHOTO BUXOLY IIPOAYKTY
peafcuii'
Hpam (C,H,) = (C,H,)'n=125x1-0,75=93,75 x.
Bidnoeids: Mmo:xHa omepskatu 93,75 J1 eTUHY.

=1251

Teop
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3amaya 3. O0umcJiTL Macy eTaHoJy, IO HeOoOXigHOo migmaTu merigpa-
Tamii 1JiAa ofepsKaHHA eTeHy ob6’emoM 56 o (H. y.), SKIIO BiJHOCHUU BUXif
OPOAYKTY peakiiii cranosutb 80 %.

Posé’azannsa:

006’eM eTeHy, IIPO AKUMU ileThCcA B YMOBI 3aa4i, € IpaKTUYHUM 06’ €MOM, OCKiJIb-
KU 10TO0 peayibHO Tpeba oaep:kaTu. 3 ypaXyBaHHAM TOTO, II0 BiIHOCHUI BUXiJ
MPOAYKTY peakriii Bigpisuaersca Big 100 %, TeopeTuuHo, MaJio O YTBOPUTUCS
Oisbire eTeny. Ile MosxHA 00UMCANTY 38 PIBHAHHAM AJIA BiTHOCHOTO BUXOIY IIPO-
IYVKTY peakIrii:

=701

Vi (CH,) 56x
Vv C.H,)= paKT. —
Teop.( 2 4) n 0,80

O6unCcINMO Macy eTaHoJy, HeoOXinHy aAada omeps:kauusa 70 J1 eTeHy:
C,H.OH=C,H, + H,0
n(C,H,0H) _ n(C,H,)
1 1

V(C,H,) 70 n
Vv 22,4 n/moinb

m

m(C,H,OH) = n(C,H,OH) - M(C,H,OH) = 3,125 moxb * 46 r/monb = 143,75 r.

n(C,H,)= = 3,125 mouns, oTxe, n(C,H,OH) = 3,125 mos.

Bionogids: maca eranoay 143,75 r.

7/" KniouoBa igen
.—
BigHocHWIA BUXig NpoayKTy peakuii — CBOEPIAHUNA XiMiYHMI aHanor KoedilieHTa

KopucHoi i (KKA), wo BMBYaOTb Ha ypoKax Qi3nKu.

Q KoHTponbHi 3anuTaHHA
166. LLlo po3ymitoTb nig BiAHOCHUM BMXOAOM MPOAYKTY peakuii? Yomy Ha npo-
MUCNOBUX MiANPUEMCTBAX LA BennumHa He pocaArae 100 %? Yomy HaBiTb
y nabopaToOpHMX YMOBAX YacTo BiAHOCHMWI BUXiA NPOAYKTY peakuii MeHLW WA
3a 100 %?
167. Yomy BiHOCHMI BUXif NPOAYKTY peakLii MOXHa o6uMcsiioBaTh He NinLle Big-
HOLLEHHSIM Mac, a TakoX i 06'eEMIB Ta KifIbKOCTi peyoBrHN?

KomnnekcHi 3aBgaHHA

168. Iig yac B3aemogii a3oty o6’emom 56 1 (H. y.) i3 BogHem 6yno opepkaHo amo-
Hiak Macoto 72,25 r. O6umncnite BiAHOCHWIA BUXiA NPOAYKTY peakuil.

169. Nig uac B3aemopii cynbdyp(IV) okcrpy ob’emom 40,32 n (H. y.) i3 KncHem byno
opepxaHo cynbdyp(Vl) okecnp macoto 100,8 r. O6uUMcniTh BIAHOCHWI BUXIA
NPOAYKTY peakuii.
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170. Mig Yac TepmiyHOro po3KnagaHHA MeTaHy o6'emom 78,4 n (H. y.) 6yno ofepxa-
HO eTVH Macoto 36,4 . O6UMCNiTb BIGHOCHUI BMXig NPOAYKTY peakui.

171. Nig vac B3aemopii amoHiaky o6'emom 10,64 n (H. y.) i3 KACHEM 3a HaABHOCTI
KaTanizatopa 6yno ogepxaHo HitporeH(ll) okcng macoto 12,825 r. O6umcnite
BIIHOCHUI BUXiA NPOAYKTY peakLii.

172.1ig yac KaTaniTMYHOro OKMCHEHHS eTaHony Mmacol 6,9 r 6yno ofepaHo
OUTOBY KMCNIOTY Macoto 5,4 r. Obunchitb BiZHOCHWIA BUXiL NPORYKTY peakuii.

173. Nig yac nponyckaHHA eTaHoMy Macolo 92 r Haf HarpiTMM antoMiHI OKCMAOM
ofepxanun eteH o6'emom 42,56 n (H. y.). O6UKCAiTb BIGHOCHUIA BUXiA NPOAYKTY
peakuii.

174. O6umcnitb 06'em eTeHy (H. y.), AKUIA MOXHa [A00YTH 3 eTaHoNy Macoto 13,8 I, AKLLO
BIZHOCHMI BYXig NPOAYKTY peakuii ctaHoBuUTb 80 %.

175. O6uncnite mMacy KasnbLili okcuay, Wo Ao6YNM NpoXaploBaHHAM BarHAKY Ma-
coto 400 Kr, AKLLO BIAHOCHMI BUXi4 NPOJYKTY peakuii ctaHoBuTb 92 %.

176. O6uncnitb 06'em YagHoro rasy (H. y.), Wo YTBOPUTLCA Mif YaC MPONyCKaHH:A
BYrNIeKMCNOro rasy o6'emom 112 n (H. y.) Kpi3b po3neyeHmnin KOKC, AKLWO Big-
HOCHWI BUXIiA NPOAYKTY peakuii cTaHoBUTb 85 %.

177. O6uncnitb o6’em eTaHy (H. y.), HeobxigHoro gns [obyBaHHA eTeHy o6'emom
89,6 N, AKLO BIAHOCHUN BUXiA NPOAYKTY peakuii ctTaHoBUTb 80 %.

178. O6umncnitb 06'€M MeTaHy (H. Y.), AKMIA HEOOXiAHO MiaAATW Miponi3y Ana fobyBaHHS
caxi Macoto 126 Kr, AKLLO BiAHOCHWI BUXiA MPOAYKTY peakLii cTaHOBUTb 75 %.

179. O6uncnit 06'€eM BOAHIO (H. Y.), HeOOXigHWI AnsA JoOyBaHHA 425 Kr aMOHiaKy,
AKLO BiAHOCHMI BUXIiA MPOAYKTY peakuii cTaHoBUTb 40 %.

§ 13. KucnotHictb posuunHiB conen. lFigponis conen

MpurapganTe:

+ cepeq enekTponiTiB BUAINATb cuibHi Kncnotn (H,SO, HNO,, HCI, HBr, HI), cnadki
KNCIIOTU, CUJIbHI OCHOBM (rifpoKCUaM NYXKHUX Ta NY>KHO3EMENbHUX eIeMEeHTIB), CabKi
OCHOBM (PO3YMH aMOHiaKy, HEPO3UUHHI rigpoKcuan);

+ BOJHEBWI NOKa3HMK pH XapaKTepun3ye KMCNOTHICTb PO3UnHIB i fopiBHIoe pH = -IgC(H*);

+ Yy KUCAUX PO3uYMHax KinbKicTb MOHIB H* 6inblua, Hix MoHiB OH’, yHacnigok uyoro
pH < 7, y nyxHux — HaBnaku (pH>7), a B HENTpanbHNX PO3UYMHAX KifIbKiCTb NOHIB
H* i OH ogHakoBa, Tomy pH=7.

Knacudikauia conen

VY momepenHix Kjacax BU ByKe BUBUAJHU CKJAJ, HOIIMPEHICTb, €JIeKTPO-
JITHYHY OHCOIIiaIlifo Ta BJIACTHUBOCTI cojieii. AJie B 03HAWOMUJIMCS JIUIIIE
i3 cepemuimu comamu. Takok icHYOTH KHCJIi Ta OCHOBHI coJIi, AKi Bigpis-
HAIOTLCA BiJ cepeqHiX CKJIAAOM i MeBHUMU BJIACTUBOCTAMU.

+ Cepedni coni ckIamaOTbCA TiJIBKM 3 KaTiOHIB MeTaliyHUX eJIeMeHTiB
Ta aHIOHIB NOBHICTIO AUCOLifi0BaHUX KHUCJIOT, Hanpukiax K,CO, ta Na,SO,.



TEMA 3. XIMIYHI PEAKLIIT

* OcnO6Hi coni BiIpiSHAIOTLCS BiJ cepelHiX HASBHICTIO TiAPOKCHI-iOHIB.
Bouu Mmo:xyTh OyTH yTBOpEHi 6araTosapAgHIM KaTiOHOM Ta OyAb-IKUM aHiOHOM:

OH cl cl cl
AIZ0H AIZ0H PN Altc
OH OH OH cl
AI(OH), AI(OH),CI Ta AIOH)CI, AlCl,

OcHOBHI coni, yacTuHa 1oHiB OH-
3aMilleHa aHioHamu

ligpokcng i3 barato-
3apAOHUM KaTiOHOM

CepepHs cinb

* Kucni coni BigpisHsIOThCS Bif cepenuix HasBHicTIo I'igporeny. Boru mo-
JKYTh OYTH YTBOPEHi OyAb-AKMM KaTiOHOM, a aHiOH MOsKe OyTu JwuIie Binm Oara-
TOOCHOBHOI KMCJIOTHU, OCKIJIBKU KUCJIL COJIi € MPOAYKTOM HEIIOBHOTO 3aMiIlleHHA
aromiB T'igporeHy B MOJIEKYJIi KHCJIOTH KaTiOHAMU METAJIUHUX €JeMEeHTiB:

H-0_ 0 K-0_ 0 K-0_ 0
S S

H-0" N H-0" MO K-0" M0

H,SO, KHSO, K,SO,

baratoocHoBHa Kucno-
Ta; HaABHI ABa aToMu
ligporeny

Kucna cinb; oguH atom ligporeny
3a/IMWLIMBCA 3 KWUCNIOTKW, APYrniA 3a-
MilLLeHUA MeTaniYHUM efeMEeHTOM

CepepHa cinb; yci atomu
ligporeHy Kucnotn 3amille-
Hi MeTaniYHMM eNeMeHTOM

CrunanaroTs (GOPMYJIN KUCJIUX COJIel, IPYHTYIOUNCH HA 3apAgax KaTioHiB
Ta aHioHiB. ¥ HasBax KHCJIUX coJiell HagBHicTs H' mosHauaroTs mpedirkcom
«TigporeH» y HasBi aHioHy.

Coui (Ha mpukmami Couri (Ha mpuKIami
KapOOHATHOI KMCJIOTH) oprodochaTHOI KMCIOTH)
KHCJIi cepenHi KHCJIl | cepenxHi
Kucnora H,CO,4 H,PO,

s _ _ - _ 3-
Anionn HCO4 CO;3 H,PO, HPO; PO;
Hassa rigzporeH- KapOoHaT | IUrigporeH- rizporeHop- | opro-
aHiOHiIB KapOoHaT oprodochar Todochar dochar
Cinb 3 KHCO, K,CO, KH,PO, K,HPO, K,PO,
omHO3apPAn- | Kajgii KaJin KaJgiii gurin- KaJin rifg- KaJIii op-
HHUM KaTio- rigporeH- KapOoHaT | POreHOPTO- poreHoprto- | Todocdar
oM K+ KapOoHAT dochar docdar
Cins i3 ngBo- | Ca(HCO,), | CaCO4 Ca(H,PO,)), CaHPO, Ca,(PO,),
3apSATHUM KaJIbITilk KaJIbITilk KaJIbI[ill AU~ KaJIbI[ilk KaJIbITil
KaTioHOM rizgporen- KapboHaT | TizporeHop- rizporeHop- | oprodoc-
CaZ* KapOoHaT Todocdar Todochar dar




§ 13. KucnotHictb po3umHis coneit. ligponi3 conen

B3aemogia conen i3 Bogoto. NoHATTA npo rigponi3

Kosnu Mu rosopmMo mpo B3aeMOIii0 cojieil i3 BOM0OI0, TO 3a3BUYAl MAEMO
Ha yBasi mpolec pO3UMHEHHA COoJIel y Bofi. AJle eKCcIepruMeHTaJIbHO BCTAHOB-
JIEHO, 110 PO3UMHU AeAKUX COJiell He 3MiHIOIOTHL 3a0apBJIeHHS iHAMKATOPIB,
a B po3uMHAX IHIINX COJIeH iHAMKATOPU IIOKAa3yIOTh HAABHICTH KUCJIOT abo
JyTiB. 3BIIKHU K Y PO3UMHI coJIi HaAaBHI Jyr ado Kucaora? Bouu 3’ ABISI0OTECA
B pesyJbTaTi Ximiumoi Bdaemomii coseit i3 BOmoI0, 1110 HABUBAIOTH 2i0POJI30M.

'\ lipponi3 conen — ue XiMivyHa B3aeEMofifA NOHIB CONi 3 BOLOIO, Y pe3ynbrati AKOI
¢ o YTBOPIOETLCA CNabKMIA enekTponiT (Knucnota abo ocHOBaA).

Mosxua BugisuTy gexismbka BuniB rigponisy. Hacamnepeny — ob6opoTHMI
Ta HeOOOPOTHUH Timpomais. ¥ pasi 060pomH0z0 TiApOJIi3y 3 BOLOIO B3AEMOMi€
He Oijbllle AEKiJIbKOX BiZICOTKiIB po3umHEHOI cOJi, a B pasdi Heo6opomHoz0
Mali)Ke BCS pPeUOBUMHA MigmaeThbedA Tigposiszy. B 06opoTHOMY rifgpoisi Tako:x
MOKHA BUIIJIUTU TPU BULU, 3aJEKHO BiJ TOT0, AKOI KIUCJOTOIO i SKOIO
OCHOBOIO yTBOPEHA CiJb.

Figponis

l
v v

| O60opoTHUIi | | Heo6opoTHuin |

v v v ;

Cinb yTBOpEHa
Cinb yTBOpEHa

cnabKkol Kucno-
TOK Ta CUMbHOI
OCHOBOIO

Cinb yTBOpEHa
CUNbHOIO KKCI0-
TOl Ta c/labkolo
OCHOBOI0O

Cinb yTBOpeEHa
CNabKow Knco-
TOl Ta cnabkoto
OCHOBOIO

JIETKOIO CNabKoto
KMCIOTO

Ta HEPO3YMHHVM
rigpokcngom

Figponi3 conen, yTBOpeHUX ClabKumu Kucnotamm

Ta CUJIbHUMKX OCHOBaMWU

Coii, yTBOpeHi caabKHMMH KHUCJIOTaAMU
Ta CULJILHUMU OCHOBaMU, Y PO3UMHI IMiAAaI0Th-
cs rigpoJtisy 3a amiomom. Hampukianm, HATpii
Gryopun B3aEMOIi€ 3 BOAOIO 3a PiBHAHHAM:

Cinb, yTBOpeHA CUJIBHOIO
OCHOBOIO Ta CJIa0KOI0 KUCJO-
TOI, MiATAETHCA TimApPOJIizy
3a aHioHOM, a ii pPo3UYmH Mae
JysKHe cepemosuire, pH > 7

NaF + H,0 & NaOH + HF

Ileit mpoitec BigOyBaeThcA Ayske cIabKo, riaposisy miamaeTbcs He 0iab-
IIIe OJHOTO BiJICOTKa PO3YMHEHOI COJIi, YTiM, HEeBeJIMKa KiJIbKiCTh IIPOAYKTIB
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peaxiiii 3’siBisieThbcA B po3umHi. [0 TOTO K i3 JBOX IPOAYKTIB peakIlii HaTpii
TiIpoKcHU] — CuJIbHa OCHOBA, TOOTO IMMOBHICTIO AMCOIIil0€ HA HOHM, a JIyopUm-
Ha KucjaoTra — cjaa0Ka KHCJI0Ta, TOOTO Aucollioe caadko. OTike, y po3umHi
3’ ABJIAETHCA HAIJIUIIOK TiAPOKCUI-I0HIB, 1110 3YMOBJIIOE JYKHE CePeqOBUIIIE.
¥V tioHHiN opMi piBHAHHS peakIlii rigpoJsisy HaTpil Guyopuny Oyme TaKuM:
F~ + H,0 & OH™ + HF

CropoueHe HoOHHE PiBHAHHA HabaraTto Kpaiie iJIIOCTPy€ HAAJHUIIOK Tif-
poxcua-iouis. ITig yac #oro ckaaganHA HeOOXigHO mam’ATAaTH, 110 Y BUTJISIL
WOHIB 3amUCYIOTh TiJIBKMW CUJBHI €JeKTPOJiTH, a cjabKi eysieKTpoJiTé —
Y BUTJIAL MOJIEKYJ. 3i CKOPOUEHOTO PiBHAHHA BUAHO, IO Cijb, YTBOpPEHAa
CUJIbHOIO OCHOBOIO Ta CJIa0KOIO0 KMCJIOTOIO, MiAAa€ThCa TiApoaidy 3a aHioHOM,
TOOTO 3a OHOM KHCJIOTHOT'O 3aJIUIIKY.

Ak Bu 3HaeTe, 0AaraTOOCHOBHI KWCJIOTHU IHUCOIIiIOIOTH CTYIIiIHUACTO,
a OTKe, i coJyi 6AraTOOCHOBHUX KHCJOT HiAIAal0ThCSI CTYIiHUACTOMY Tiapo-
nigy. Hampukiam, HaTpiii kKapOOHAT 3a IePIINO0 CTAHi€i0 B3BAEMO/IE 3 OMHIEIO
MOJIEKYJIOIO BOAU, & MMPOAYKT TiAPOJIi3y B3a€MO/i€ 3 iHIIOI0 MOJIEKYJIOI0 BOIN.

Ilepma craxmia:

Na,CO5 +H,0 22 NaHCO4; + NaOH
COZ +H,0 =2 HCO; +OH~
Hpyra cramgida:
NaHCO; +H,0 2 H,CO4 +NaOH
HCO; +H,0 = H,CO; +OH™
CymapHe piBHAHHSA:
Na,CO; +2H,0 =2 H,CO4 +2NaOH

CO% +2H,0 = H,CO, +20H"

3a IepIIo CTAIieI0 TiapoJIidy miagaeTbesa 0au3bK0 2 % PO3UYMHEHOol coJIi,
a sa gpyroio — menime 0,01 %. Omxe, aK i mu1a gucoriaifii, Tak i maaa rig-
poOJIi3y cIIpaBeAJIMBUM € TBEPIsKEHHA: AKIIO IIPOIleC BimOyBaeThCA 3a JeKilIb-
KoMa CcTaJisiMu, TO e(DeKTHBHIiIlIe BiIOyBaETbCA IIPOIlEC 3a IIEPIIOI0 CTAaIi€l0.

ligponis conen, yTBOPEHUX CUSIbHUMU KUCNOTaMu
Ta CNabKUmMM OCHOBaMM
Coyi, yTBOpPEeHiI CHUJIBLHUMU KHUCJIOTAMHU Ta CJIAOKMMU OCHOBAMM, IIigma-

IOThCA Tigposisy 3a Kariomom. IIpumkiaamom Takoi coji € aMOHITI XJIOPUI
NH,CI, mo B3aemozie 3 BomoIo:

NH,Cl + H,0 & NH,OH + HCl
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Ilix wac rigposizy yTBOPIOIOTHCA CHJIbHA
XJIOPUAHA KUCJIOTa, AKA IOBHICTIO AMCOIIiIOE,
Ta cirabKka ocHOBa — rigpar amoniaky NH,OH
(ab6o NH,H,0). Ile symoBiioe OABY HaJIJIWII-
KoBoI Kinpkocrti fioris H', mo BusHauae xuc-
JIOTHE CEepefOBUIlle B PO3UMHI:

NH] +H,0 = NH,0OH+H"

Cinb, yTBOpPEHa CIa0KOI0
OCHOBOIO Ta CUJIBHOIO
KHCJIOTOI0, HiAmaeThbesa
rizpoJsisy 3a KartioHowm,

a il po3uMH Ma€e KHUCJIOTHE
cepenoBure, pH < 7

OT:xe, coJi, YTBOpPEHi cIabKUMU OCHOBaMH, IiTal0ThCs TiAPOJIisy 3a Ka-

TiOHOM.

SAKmro cise MicTuTh OaraTosapAnHiI KaTioHM MeTaJiuHOrO eJjieMeHTa,
TO TigpoJi3 Mo:ke BimOyBaTucsA 3a JeKiJTbKoMa CTamisMM, ajle B PeaJbHOCTiL
3a3BUyYail Bil0OyBaeThCsa peakIlis JIMIe 3a IEepPIIOoi0 CTamielo:

CuCl, +H,0 z2 CuOHCl + HCI
Cu*' +H,0 = CuOH"' +H*

Figponi3 conen, yTBopeHux cnabkumm KnUcnotamm

Ta CNabKMmMmMm OCHOBaMU

Couti, yTBOpeHi cIa0KMMHI KUCJIOTAMHU Ta CIa0KUMU OCHOBAMU, IIiATal0ThCA
rigpoJsisy AK 3a KaTioHOM, Tak i 3a anmioHoM. Y BOZHOMY PO3UMHI Takoi coJri
B pe3yJIbTaTi ripoJiisy yTBOPIOIOTHCA ABa cjaaOKi esmexTpositu. Tax rigpoJri-

3y€ThCsA, HAIPUKJIAL, aMOHINA KapOoHAaT:

(NH,),CO; +H,0 =2 NH,OH +(NH,)HCO,
NH} +CO% +H,0 = NH,OH +HCOj;

s Toro 1100 BUBHAUNTU KUCJIOTHICTH CepeoBUIla B TAKOMY PO3UMHI,
HeoOXimHi momaTKOBiI BioMOCTi mpo CHMJIy YTBOPEHHUX eJieKTpouiTiB. I3 mo-

BimKOBOI JiTepaTypum MOKHA i3HATHUCHA, IO
rizpaT amMoHiaKy CUJIBHIIIIMIN eJIeKTPOJIIT 3a
rirporeakapbonar-ion. OT:ke, BiH AucOIliioe
e(peKTUBHIIIIE, III0 CIPUUYUHSIE HAAJUIIOK Tif-
POKcCHUA-iOHIiB i 3yMOBJIIOE JIY:KHE CEPEIOBUIIE
B po3uuMHi amoHili xapbomary. OgHakx, II0o0
OifiTH TaKuUX BUCHOBKiB, HeoOXimHi BimomocTi
PO CUJIy KUMCJIOT i OCHOB, AKi HaBeEHO B CIIe-
miagbHiN JiTeparypi.

IikaBuM nDpuUKJIAIOM COJi, YTBOPEHOIL
cIabKMMM KICJOTOI I OCHOBOIO, € aMOHii
eranoatr CH;COONH,. ITig uac rigposisy miei

Cinp, yTBOpPEeHa cIabKOI0
OCHOBOIO Ta CJIa0KOI0 KucC-
JIOTOI0, MiATa€eThCsa Timpo-
JIiBy AK 3a KaTiOHOM, TaK
i sa amiomom. KuciorHicTh
DO3YUHY BUSHAUAETHCA
TUM, SKUNA 3 YTBOPEHUX
€JIEKTPOJIITIB CUJIBHIMINMA.
SAKINO CUIBHIIIO € Kuc-
JIOTa, TO CEPEeNOBUIIE KHC-
JIOTHE, & AKII0 CUJIbHIIIOI0
€ OCHOBa — JIy:KHE
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COJIi YTBOPIOIOTHCSA TAKOMK JBa CJIa0Ki eleKTpoaitu, ajie IXHS cujaa Maixe
OTHAKOBA:
CH,COONH, + H,0 = CH,COOH + NH,OH

Tomy B po3unHi aMOHi#l eTaHOaTy HeMae HAAJUINKY aHi HoHiB 'igporeny,
aHi rizpoxkcua-ioHIB. ¥ PO3UMHI aMOHiM eTaHOATy cepedoBUIIe HeHTpaJIbHE.
Ile#r dakT MOKe CHOHYKATH A0 BUCHOBKY, II[O B IILOMY BUIIQAKY TipoJji3
He BifmOyBaeThbcs, aje Ie He Tak. I'imposis BigOyBaeTbcs, oMy mIigmaeTbcs
maitizke 3 % posumHEHOI cOJi, IpOoTe 3aBAAKMU OAHAKOBIii cuii yTBOpEeHUX
eJIEKTPOJIITIiB KoHIeHTpamisg #ouis H' ta OH™ omHaxoBa, IO € O3HAKOIO
HeUTPAaJILHOTO CepeIoBUIIA.

Cinb, yTBOpeHa CW/IbHOIO KUC/IOTOK Ta CUJIbHOK OCHOBOIO
Hna po3umHeHOl y BOAL COJi, IO yTBOpeE-

Cisnp, yTBOpPEHA CUJIBHOIO

Ha CHJIBHOIO KMCJIOTOIO i CHJIBHOIO OCHOBOIO,
Hanpukigan Harpinn xgopumy NaCl, moxxkHa
Oys0 0 3ammcaTy PiBHIHHS:

NaCl + H,0 = NaOH + HCI

OCHOBOIO Ta CUJIBHOIO KIC-
JIOTOI0, TiApoJisy He Imim-
InaeThbecdA, a B 11 posumHi
HeHTpaJbHE CepeloBUIIE,

pH=7

Aje obuaBa MNPOAYKTU peakIlii € CHUJIb-
HUMH eJIEKTPOJiTaM” i y BUTJIALL MOJEKY.JI
y pos3umHi icHyBaTum He MOKYyTh. OTiKe, TaKa peakilisg He BigOyBaeTbCH.

Y mboMy MOMKHA IIEPEKOHATHCH, AKIIO CKJIACTU PIBHAHHA TigpoJisy
B HMOHHI#N (popMmi: yci OHU B IIbOMY PiBHAHHI CKOPOTATHCS.

OT:xe, coJi, YTBOPEHi CUJIBHOIO KHCJIOTO i CUJIILHOIO OCHOBOIO, TiAPOJIi3y
He IiAgamTbeA, V IXHIX PO3UMHAX CepedoBUIINEe HelTpaibHe.

HeobopoTHui rigponi3

Vei posrasgHyTi BuUllle BUIAAKU TigpoJri-
3y € MpUuKJagaMu 000pPOTHUX IIpolieciB. BoHu
He MOXKYTh BimOyBaTuCsA OO KiHIIS, OCKiJIBKM
OPOAYKTH PeaKIlii, HaKOMUUUBIIINICH Y 3HAUHUX
KIJIBKOCTSAX, ITOYWHAIOTH B3AEMOMJIATH OJUH
3 OJHUM, YTBOPIOIOYN IIOYATKOBI PEUOBUHMU.

Iumia curyarlis i3 cossMu, YyTBOPEHUMHU JIETKUMU KHCJIOTaMU Ta HEpOo3-
YUHHUME TiIpOKCHUIAMHU: IIiJ Uac iX rigpoJiidy yTBOPIOIOTHCS PEUOBUHU, IO
BUBOJATHCA 3 PO3UUHY.

Hanpurnazn, mig gac rigposisy ajgioMmiHi#i cyabdigy yTBOPHOIOTHCA HeE-
PO3UMHHUKN aJIOMIiHIN TigpoKcuUI Ta JEeTKuil CipKOBOIEHb:

ALS, + 6H,0 — 2A1(OH),J + 3H,ST

OOuaBi peuyoBHMHU BUBOAATHCS 3 PO3UMHY, i, 3TiJHO 3 NPUHIIUIOM
Jle IllaTenbe, Ie cOpuse 3MIiIlleHHIO PiBHOBArm B OiK HPOAYKTIB peakrIrii.

Coii, yTBOpPEHi JIeTKOIO
c1abK0I0 KHUCJIOTOIO Ta
HEPO3YMHHUM Yy BOA1
riIpoKcumoM, IIiAZar0ThCS
HEe00OPOTHOMY Timzposizy




§ 13. KucnotHictb po3umHis coneit. ligponi3 conen

Y TakomMy BHUIIAAKY peakxilisa rigpoJisy € meobopoTHoro. HeobopoTHuii rif-
poJiz xXapaKTepHHII OJIs coJiell, Iig uac Tigposisy AKuUX o0uaBa IIPOAYK-
T peakIlii BUBOAATHCA 3 pos3umHy (y BUTJIAAI rasyBaToi ab0 HEPO3SUMHHOIL
peuoBWHM) i He 3mAaTHI BCTymaTu y 3BOPOTHY peakIliio. 3as3Bumuaii i couri
B TAOJHUIII PO3UMHHOCTI MO3HAUeHi AK Taki, 1[0 He iCHYIOTH y Po3umHi abo
PpoOBKJIamaloThCcs BOMOI0 (IuB. dopaair).

OxpeMuMU BUIAAKaMU HEOOOPOTHOT'O TilpoJIidy € B3aeMOmis aJdoMiHi#
a0o KaJbIliii KapOigy 3 BOIOIO:

CaC, + 2H,0 — Ca(OH), + C,H,T
AlLC, + 12H,0 — 4A1(OH),! + 3CH,T

Y npomMy BUIIAAKY i eTHH, i MeTaH MOKHA PO3IJIALATU AK Ay:Ke cIabKi
JIeTKi KMCJIOTU, TOMY IIi B3a€EMOJil MOJKHA BiTHECTH OO IIPOIEeCiB HeoOOpOT-
HOTO TigpoJisy.
JliHegicmuyHa 3ad0aya

lpeubKoto hydro o3Hauae «Bopav, lysis — «po3knagaHHsA». YoMy onuncaHi B iboMy naparpadi
npowecy Ha3BaHi came rigponizom?

NABOPATOPHWUI AOCHIA Ne 1

BusHaueHHA pH cepepoBuila BOAHNX PO3UYUHIB conen

3a A4ONOMOrol iHAUKATOpIB

O61a0HaHHA: TITATUB i3 TPOOipKaMu, TiTIETKH.

Peaxmueu: yHiBepcaabHUU iHAMKATOP (POo3umH ab0 IMmaiip), pO3YUHU CO-
Jeli: HATpPill eTaHoaTy, HATPil KapOOHATY, aMOHIll XJIOPUILY, IUHK
XJIOPUAY, aMOHill eTaHOAaTy, HATPIN XJIOPULY.

' IIpaBuna Oesmexu:
° + 7 BUKOHAHHSA JOCJi[iB BUKOPUCTOBYITEe PEAKTHUBU B HEBEJIUKUX
KiJIbKOCTAX;
+ ocrepiraiTecs IOTPANJISAHHSA PEaKTUBIB Ha IITKiPY, B OUi, Ha 0fAT; y pasi
TOTPAILISIHHSA ITKOI peYOBUHU 3MUITe i1 BeJIMKOIO KiTbKicTIO BOogu Ta
OPOTPITH YIITKOAKEHe MicIle PO3BeIeHIM PO3UYNHOM 00PATHOI KMCJIOTH.

Y npobipku majauiiTe mo 1-2 MJ HagBHUX PO3UMHIB COJIEH.
Ho koskHOI mpobipku momaiiTe iHguWKarTop i BusHauTe pH pos-
YWHIB, BUKOPUCTOBYIOUN €TAJIOHHY IITKAJy. ¥ CTAHOBiTh, V AKUX
BUMOaAKaxX BimOyBaeThCs TigpoJisa coji, 3anumiiTe piBHAHHA
B MOJIEKYJIAPHINA Ta HOHHO-MOJEKYJIApHi# (opmax.

e

/|
9

o~ Cuna KNCAOTK Ta OCHOBM 3YMOBJIIOE 3[aTHICTb Conen Ao rigponisy i cTyniHb 3Mmi-
LeHHA XiMiYHOI piBHOBaru rigponisy B 6ik NPoOAYKTIB peakLil.
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o

s

KoHTponbHi 3annuTaHHA

180.
181.
182.

183.

[lavite BU3HauYeHHA rigponisy.

AKi BUawW rigponisy po3spisHaATb? Ha YoMy rpyHTYeTbCA Taka Knacudikauia?
CxapakTepu3ynTte pi3Hi BUAW rigponisy. MoACHITb Ha KOHKPEeTHUX Npuknagax,
AK BM3HAUYUTW KUCNOTHICTb PO3UMHIB Pi3HUX CONen.

AMOHI aueTaT YTBOPEHU CNabKMMU KUCIOTOK Ta OCHOBOIO, ane Moro pos-
UMH HenTpanbHWiA. Yn BigOYBaETbCA TifpoNi3 y po3umHi aMoHil aueTaTty?

3aBAaHHA ONA 3aCBOEHHA MaTepiany

184.

185.

186.

I3 nepeniky peyoBunH BUNWLWITL OKpeMo dopMynu conei, AKi: a) nipaarTbea
obopoTHOMY rigponidy; 6) nigaaTbca He0OOPOTHOMY FiApPONI3y; B) He Nigaa-
I0TbCA rigponisy.

Na,SO,, K,SO,, Fe,(S0,);, CuSO,, KBr, AlCl;, NaNO,, MnBr,, ALS..

I3 nepeniky peyoBMH BMAMWITL Ti, WO AiggatoTbca rigponisdy. Cknagite ana
HUX PIBHAHHA peaKUiln rigponisy Ta BM3HAuTe KUCJIOTHICTb IXHiX PO3YMHIB.
AKWo AnAa coni xapakTepHWUA CTYMIHYaCTUI Tigponi3, CKNagiTb PiBHAHHA Tig-
poni3y TiNIbKM 3a NepLUok0 CTaAiElo.

Na,SO,, K,50,, CuSO,, KBr, AICl;, NaNO,, MnBr,, K,PO,, BaCl,, Cr(NO,),, RbCl,
Na,SiO,, KNO,, MgCl,, CH,COONa, FeCl,, NaHCO,, K,HPO,.

3a Tabnmuelo PO3UMHHOCTI BU3HAUTE MPUHANMHI TpW Coni, ANA AKUX Xapak-
TepHUIN HeobopOTHMIA rigponi3. CKNaaiTe ANs HUX PIBHAHHA peakLui rigponi-
3y. Bu3HauTe npuunHm, Lo 3yMOBOIOTE HEOOOPOTHICTL rigpPoni3y Lux conei.

3aBp,a|-||-|$| 3 PO3BUTKY KPUTUYHOTO MUC/IEHHA

187.

188.

AMOHI cunikat niafaeTbcs HEO6OPOTHOMY rifponisy, ane He BiANOBiAA€E onu-
Cy coneii, HaBegeHoMy B naparpadi. Ym amoHili cunikat He BignoBigae HaBe-
AEHOMY Onucy i Yyomy BiH MiaJaeTbcss HEO6OPOTHOMY rifponisy?

CknagiTb piBHAHHA peakuili, Wo BifbyBalTbCA Mif Yac 37MBaHHA PO3YMHIB:
a) depym(lll) xnopuay i Hatpin cunikaty; 6) pepym(lll) cynbdaTy i HaTpil Kap-
6oHaTy; B) depym(lll) xnopuay i Kaniii cynbdity.

§ 14. XimiuHi AXKepena eneKTPUYHOro CTpymy

MpuragaiTe: OKMCHEHHA — Lie NpoLecC BifAaBaHHA eNeKkTPOHa, BiAHOBEHHA — npu-
MMaHHA eneKkTpoHa.

[MoHAaTTA npo ranbBaHIYHUN eneMeHT

Bararo xiMiuHMX peakiiiii CyIpOBOAKYIOThCS BUAIICHHAM eHeprii. Y Oiib-
ITIOCTi BUIIAJKIB IsI eHeprid BUAIISAETHCA y BUIVIAAL TemyoTu (iHoxai cBitiia),
AKY TOTIM IIepeTBOPIOIOTH 3a JOIIOMOrOI0 PiBHUX MPHJALIB Ha 1HNIN BUAU
eHeprii (MexaHiuHY, eTeKTPUUYHY TOI0). OCKiTbKY CHOTOAHI 3’ ABISETHCA BCE
OinbIlle PiBHOMAHITHMUX eJIeKTPUUYHUX IPUJIALIB, TO Ay:Ke aKTYaJIbHUMHU €
JoKepesia eJIEKTPUYHOTO CTPYyMY.
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. XiMmiyHi pKepena enekTpUYHOro CTpymy

1800 pory Aueccauapo BoJsbTa Bmepiie
Ipe3eHTyBaB IPUCTPiiil, 110 IepeTBOPIOE XiMiu-
HY eHepriio 6e3mocepeqHbO Ha eJIeKTPUUHY —
BOJIBTIiB cTOBI. BiH HasBaB HOTO 2a/lb8aHiy-
HuMm esemenmom Ha uecThb JIyimxi 'ambBami.
Y rarbpBaHiYHOMY €JIeMEeHTi BUHUKAE CIIPAMO-
BAaHUUN PYyX eJeKTPOHIB YyHACJIiIOK TepeTBO-
peHHsA eHeprii, AKa BUBIIBHAETHCA HiL Yac
OKMCHO-BiTHOBHUX PeakIliii, Ha eJIeKTPUUHY.

Oco0IMBiCTIO OKMCHO-BiTHOBHUX PEAKIiN y
raJIbBaHIYHOMY €JIEMEHTi € Te, 1110 eJeKTPOHU
BiJ BIZTHOBHUMKA JO OKVMCHUKA MEePEHOCATHC He
OesIocepeqHbO Bij OAHi€el YacTMHKM A0 iHIIOI,
a B0BHINIHIM eJeKTPUYHUM JIaHITIOTOM, OTMKe
BOHU MOXKYTh 3ilICHIOBATH €JIEKTPUYHY POOOTY.

AneccaHapo [xysenne
AHTOHiO AHacTacio BonbTa
(1745-1827)

Di3vK i ximiK. YnepLue CKOH-
CTPYIOBaB XiMiuHe [xkepeno
CTpymy

Knacuunum mpukiIazom raabBaHIUHOTO ejleMeHTa € eeMeHT SIKo6i-Ilamie-
s (maj. 14.1). Bin ckaamaeTbecs 3 IBOX pPe3epByapiB, 3allOBHEHUX PO3UMHAMU
coseii: mHK cyabdary Ta Kynpym(Il) cyabpdary. Has 3aMKHEHHSA eJIEKTPUY-
HOTO JIAHIIOra OOMABA PO3UYMHU 3’€JHAHI TaK 3BAHUM COJLOBHUM MiCTKOM —
TOHKOIO TPYOKOIO, 3alIOBHEHOIO PO3YMHOM OYIb-IKOTO CUJIBLHOTO eJIEKTPOJIITY.
Y posumH IUHK cyJabdaTy 3aHypeHUIl ITWHKOBUU eJeKTpon (ImIacTuHa ado
CTpUIKeHB), a B podunH KynpyMm(Il) cynbhary — migauii enexrpoxn. 1li emex-
TPOAU CIIOJIYUAIOTHCS METAJIEBUM JIPOTOM, II0 AKOMY i Iiie eJIeKTPUUHUI CTPYM.

Yomy K 1eli IPUCTPIHA € JYKEePeIoM eJIEKTD

UYHOTO cTpyMy? Mix mimHOIO

miactuHol i posumuHoM Kympym(II) cyabdaTy BCTaHOBIIIOETHCS pPiBHOBara

obminy #omamu Cu2' Ta enrexTpoHaMuU:

Cu?t + 2¢- 2 Cu°

(V)

MoTik ) I BOH\IEMJETD l MoTik )
eNeKTPOoHIB ) €NeKTPOHIB
ConboBuUI MICTOK
LnHk Miab
(aHop) (kaTom)
Po3umH Po3umH
znso, — | Cuso,

EnekTpogHi npouecn
Zn® — Zn%t + 2e” Cu?t + 2~ = CQU°

Man. 14.1. HaiinpocTilumin ranbBaHiYHWN enemMeHT
Ako6i-[aHiens

JNlyipxi lanbBaHi
(1737-1798)

Nikap, ¢izionor i ¢ismk.
Yneplue BUSABUB «TBAPUHHY
eneKTPUKy»
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IpH I[BOMY CKiJIBKU HOHIB 0CaiKy€e€ThCA HA MJIACTUHIi, CTLIBKM K i mmorpar-
Jsi€ B posunH. B iHmmomy pesepsyapi 3 posumHOM HMHK cyiabdary ZnSO,
Ta MUHKOBOIO IIACTUHKOIO TAaKOYK BCTAHOBJIIOETHLCA DPiBHOBATA:
Zn?t 4+ 2¢- &2 Zn°

VY pAany akTUBHOCTI ITMHK PO3TAINOBAaHWI JiBimie 3a Migb, OTiKe, BiH
OifBIII aKTUBHUM BiJHOBHUK i JieTIlle Bigmae eJeKTPOHHU, HiyK Migb. YHac-
JiOK OO B MeTaJIeBOMY APOTi Bifl0yBaeThCA CIPSAMOBAHUN PyX eJeK-
TPOHIB BiJf ITMHKOBOI IJIaCTUHKU (aHOAY) OO0 MimHOI (KaToay) — BUHUKAE
enekTpuuHUE cTpyM. OHOYACHO HA IMHKOBOMY €JIEKTPOJi BUHUKA€E HecTaua
€JIEKTPOHIB, 3aBAAKN UYOMY PiBHOBara, II0 BCTAHOBWJIACA HA HHBOMY, 3Mi-
ImyeThbca B GiK yTBOpeHH: ifoHIB Zn2':

7Zn® — Zn2t+ 2¢”

A Ha MigHOMY eJIEKTPOJi BUHMKAE HAIJIUIIOK eJeKTPOHiB, i piBHOBara
aMimyeTbes B Oik ocamxeHnHsa ionis Cu?" Ha maacTuHI:

Cu?t+2¢ — Cull
CyMapHHUIl Ipoliec, 110 BizOyBaeThCsA HA BOX €JIEKTPOAaxX, MOKHA 300pa-

BUTU DPiBHAHHIM:
Zn®+Cu?t — Cu®+Zn?*

Ile piBHAHHA (PAKTUUYHO OIUCYE B3a€EMOMil0 MikK MUHKOM Ta Kympym(II)
cyabdarom, y AKOMY OiJbIlI aKTUBHUN ITMHK BUTICHAE Miab i3 ii coui:

Zn+CuSO, = ZnSO,+Cu

I1a peakiiia mosKe BimOyBaTucsA, KOJIM IIPOCTO 3aHYPUTHU ITMHKOBY ILJIac-
TuHKY B podunH KynpyM(II) cyabpary. Ane aximo gomaTu HeoOXigHI cKJIamoBi
raJbBaHIYHOTO eJIeMeHTa, TO IIepeldir 1iei peakIrii cTBOPIOE YMOBHU AJIA 31itic-
HeHHS eJIeKTpuuHOoi poboru. ToOTo rajbBaHiuHUII ejeMEHT € IPUCTPOEM,
AKUH IIepeTBOPIOE eHepriro ximMiuHoi peaxiiii 6e3mocepesHbO Ha €JIEKTPUUHY
enepriro. Uepes Iie rajgbBaHIUHI €JeMEHTH TaKOMK Ha3WBAIOTh XIiMIYHUMU
Oxcepenamu cmpymy (XIC).

PisHOBMOM Ta XapaKTePUCTUKN FasibBaHIYHNX efleMEeHTIB

lanmbpBaHiuHME eJleMEeHT, CXO:KHUII Ha TOM, IO MU PO3TJIAHYJIM, MOYKHA
CKJIACTH 3 ABOX MaiiKe OyIb-AKUX MeTaJIeBUX ILJIACTUH, 3aHYPEHUX Y PO3UM-
HU ixHixX coJeli. Taki eremMeHnTH OyAyTH BiApisHATHCA 3HAUEHHAM €JEKTPO-
pyurifinoi cunau (EPC): yum 6isbiia pisHUIS aKTUBHOCTI MeTasiB (TOOTO YuM
Iaji oguH Bi OOJHOTO BOHM PO3TAINOBAHI B PANY aKTHUBHOCTI), TUM OiJIbIITy
EPC marume ranpBaHiunuii exemenT. Yrtim, EPC 3ameXuThr He TiIBKHU Bif
aKTHUBHOCTI MeTaJiB.

CraupaprHuii esemenT SIko0i-lauiens mae EPC 6aussko 1,3 B. Croro-
OHi OLIBITiCTL TajdbBaHiUHUX ejgeMeHTiB MaioTh EPC y mexxax 0,8-2,1 B.
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HampukJian, sBuuaiidi eJeKTpUUHI 6aTapeiiku (AKi TaKOXK € rajJbBaHiUYHUMU
enemenramu) maooTh EPC = 1,5 B. TeopeTuuHo MOKJIMBO CKOHCTPYIOBATH
raadbBaHiuHUE edemeHT 3 EPC maitke 6,5 B, ajne mpakTuuHo — Iie B Oy:Ke
IajeKili ImepCcreKTuBi.

Xoua CKOHCTpPyHOBaHO 0OaraTo pisHOBHUAIB rajbBaHiUHMX e€JE€MEHTIB,
HaWMIOIIUPEHIMIIMY € TPH: CTAHZAPTHI eJIeKTPUUHI OaTapeiliku, HaJuBHIi
eJeMEeHTU Ta aKyMYJIATOPU.

Oco0/IMBiCTIO NALUBHUX eJleMeHmi6 € Te, 1[0 OKUCHO-BiTHOBHA peaKIlid,

sAKa BigOyBaeTbCcsA B HUX,— Ile PeakKiiis IIOBHOI'O OKMCHEHHsS pigxoro ado
rasyBaToro InajmBa (BOAHIO, METAHOJY TOIIO) KMCHEM IIOBiTpA.
Enexmpuuni akymyaramopu — Ile TaKOK TaJIbBaHIUHI ejieMeHTH, aje,

3aBAAKU OCOOJIMBOCTAM KOHCTPYKI[I Ta BUKOPHUCTAHUX MaTepiasiB, iX MOXKHA
BiJTHOBJIFOBAaTH — pereHepyBaTH.

VYV ranpBaHiUHUX ejieMeHTaxX i3 YacoM YIIPOAOBK POOOTH BUTPAYAIOTHCA
ImeBHI peuoBHMHM a00 Bif0OyBaloTbhCA iHIIL mporecu, yHacaigok axux EPC
3HMKYyEThCcA. Ha BimMiHy Big 0mHOPA30BUX €J€eMEHTIB, aKyMYJATOPH MOXKHA
BiIHOBUTH MaiiKe OO IIEPBiCHOIO CTaHYy, IMiAKJOUYHUBINKU iX A0 30BHIIITHBLOI
enekTpuuHOi Mepeski. Ilig miero 30BHIITHBOTO AKepesa CTPYMY OKHCHO-Bif-
HOBHA PeaKI[is BCepeInHiI aKyMmyJasaropa Imepebdirae y 3BOPOTHOMY HAIIPAM-
Ky — BimbOyBaeThcA 3apanKa aKyMyJdAaTOpa.

XiMiuHi g»Kepena cTpyMy HaBKOJIO Hac

Hailtnomupenimum y moOyTi XiMiYHUM [I:KEepPejoM CTPYMY € €eJIEMEHT
JlexaHie, AKMA MU 3a3BUYall HasMBAaeEMO OaTapelikoio. BoHu OyBaioTh
pisHOrO0 po3Mipy ¥ (hopmMuU, 3 Pi3HOIO €JEKTPUUYHOIO EMHICTIO, ajie BHYTPIiIIHSA
OyzmoBa B HuX moxioHa (mana. 14.2, a).

PryTHi 6aTapeliku ITUPOKO BUKOPUCTOBYIOTH Y KAJBKYJIATOPAaX, HaAPy4-
HUX TOAWHHUKAX, K [YKEPEeJO CTPYMY JJIA MATEPUHCHKUX IIJIAT KOMII IOTEPiB
(mam. 14.2, 6).

Kucnoruuit cBuHIEBUT aKyMyJaATOP € B OyAb-AKOMY aBTOMOOiJi I BU-
KOPHWCTOBYEThCA MOJA MiJUAJTIOBAHHA HAJUBHO-TIOBITPAHOI cyMmimmi y aBu-
ryHi BHyTpimrHbOTO 3ropanud (Maja. 14.2, g8). CBUHIIEBI eIeKTPOAU I[HOTO

Fe i
i Katopg (3anizo) Avog
7 (KOHTENHEP
MnnOZ i3 UMHKY)
NH,Cl
enexTponit Macta 3 HgO, KOH, Zn(OH),
a 6 8

Man. 14.2. XimiuHi gxepena cTpymy: a — enemeHT JleknaHwe (6atapelika); 6 — pTyTHa OaTa-
pelika; 8 — KUCAOTHUI CBUHLEBUIA aKyMynAaTop
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agymyJsisaTopa 3aHyperi B 33% -ii posumH cyiabdaTHOl KucaoTu. I'emeparris
CTPYMY BiZOyBaeThCSA BHACJIIZOK peakIrii:

Pb+PbO, (t8.)+4H* + 2805 — 2PbSO, (r8.)+ 2H,0

EPC 3apsAI:KeHOTO CBMHIIEBOTO aKyMyJaTropa oamsbko 2 B. Ix rtaxomx
BUKOPUCTOBYIOTH y H:Kepesjax Oe3mepebifHOTO JKMBJIEHHSA, TPoOJieiidycax Ta
TpaMBasgX, MOPCBKUX KOopPabasax Torfo. Haiibiabinri Heqo ik TaKuX aKyMy-
JISITOPiB: HEOOXiAHiCTh HMepioAMUYHO 3aMiHIOBATH KOHIIEHTPOBAHY CYJIb(aTHY
KUCJIOTY, TPOMIBIKICTh Ta BeJaMKa Maca.

JIy:kHI akyMyaaTopu mo30aBjieHi HETOJiKiB KHMCIOTHUX. AJie BOHU Ja-
0T MeHIry Hanpyry: EPC 3apamkeHOro HiKeJab-KaAMi€BOTO aKyMyJsaTOpa
nopiBuioe 6au3bko 1,36 B. Kpim Toro, y Hux 4acTo BUKOPUCTOBYIOTH MeTa-
JY, TOTPAILIAHHA SAKUX y AOBKIIIA € Oy:Ke HeOeslmeuHuM (30KpemMa PTyTh,
KaiMii Tomo). IX IIMPOKO 3aCTOCOBYIOTH TaM, Je HeOOXifHI aKkyMyJsaTopU
HEeBeJHNKOro po3Mipy (moOyToBi mpuiani), a TakoXK TaM, Oe Maca i po3Mipu
€ KPUTUUYHUMHU Hapamerpamu (JiTaKu Ta ITiABOAHI YOBHH).

JIiTiti-ioHHI Ta JiTif-mOJIiMEPHI aKyMyJaATOPHU JIefaJii yacTillle 3aCTOCO-
BYIOTH B €JIEKTPOHHUX IIPUCTPOSAX: cMapTdoHax, HOYTOYKax, (poro- Ta Bi-
IeoKaMepax TOIOo. ¥ HUX eJIeKTPoJaMK 3a3BUWUYAM € aJIOMiHieBa Ta MimgHA
(doswra, a mociem sapany — iomm Jlitiro Lit. V mirtifi-ioHHEX akyMmysaaTo-
PiB € 3HAUHUI HEAOJIIK: MPOTATOM TPUBAJOI eKCILIyaTallili BcepeanHi HUX
HaAKOIMUYYETHCA BOJIEHDb, YHACJIIOK YOTO BOHU «PO3MYXalOTh», a TAKOMK II0-
YMHAIOTh Jy:Ke HarpiBaTUCS IijJ Yac 3apAAsKeHHs i cTaloTh BOTHeHeOe3meu-
HuMHU. JliTifi-mosiMepHi akymysasTopu mo30aBiieHi ITMX HENOJIKiB, ToOMy ix
BUKOPUCTOBYIOTH UYaCTiIlIe.

OcTaHHIM YacoM II0YaIy aKTUBHO PO3POOIATH NAIUEHI eneMenmu. Ix 0cob-
JIUBICTIO € Te, III0 PEeareHTH /10 HUX MOTPATJIAIOTH 330BHi: TaJIUBO (BOAEHDb, Me-
TaH, METAHOJI TOIT0) 30epiraeThbcsa B OKpeMoMy KOoHTelHepi (i 1oro Mo)KHa B3ATH
i3 cobo10 B 3amac), a KMCeHb IOTPAILJISE A0 peaKTopa i3 moBiTpsa (mas. 14.3).

MoTik ManuBHWU enemeHT Enektpoakymynatop
efleKTpoHiB > ->

OsuryH

BooeHb — : : -— pi o
A : KnceHb | %}'—’
- | o— fﬁ

@

Bopa <« * . =
AHopn Kartog MNepemukay PesepByap i3 BogHeMm

Man. 14.3. 3aranbHa cxema NajMBHOrO efieMeHTa Man. 14.4. 3aranbHa cxema enekTpomobina
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2006 poxy kxommamis Panasonic mepimoro posmouyasia BUIIYCK IIOPTa-
TUBHUX NAJWBHUX €JEeMEHTiB, a ChbOTOAHI IX yiKe BUTOTOBJAIOTHL AEeKiJIbKa
BUPOOHUKIB. IK majimBO B X eJleMeHTaX BHKOPHCTOBYIOTH MeTaHo. Taki
OPUCTPOI CTAHYTh y HPUTOMi TaM, e HEMAa€ MOKJIUBOCTI IIiA3apAIUTUA aKy-
MYJISITOP BiJi 30BHIIITHLOTO AKepeJsa CTPYMY, HAIIPUKJIAL Y ITyCTeJi U’ Jici.

Bupo6HuKu aBTOMOGiJIiB aKTUBHO PO3POOJIAIOTH MOJEJi IMaJUBHUX eJie-
MEHTIB s BUKOPUCTAHHS B eJieKTpoMoOinax (man. 14.4). EdexTuBHicTh
IepeTBOPEHHA XiMiuHOI eHeprii maJabHOTO Ha MeXaHiuHy eHEepriio pyxy Ha-
baraTo BUIIa, AKIIO 3AiICHIOBATU Ile Uepes eJeKTPUUHY eHepriio (y maamB-
HOMY eJIEMEHTi), HijK uepe3 TemJoBy (y ABUT'YHi BHYTPIIIHbOTO 3TOPAHHSA).

7"’ KniouoBa ipgen
e lanbBaHiuYHi eflemeHT — Habarato eKOHOMIUHILI 1 epeKTMBHILWI NPUCTPOT AnA ne-
peTBOPEHHA eHepril XiMiYHMX 3B'A3KIB Ha KOPUCHY pPOO6OTY.

@ KOHTpONbHI 3annuTaHHA

189. LLlo Ha3mBalTb ranbBaHiyHMM enemeHToM? LLlo Take ximiuHi gkepena cTpymy?

190. YHacnigok aAkux ocobnmeocTen nepebiry xiMiyHMx peakLuii rafbBaHiyHUN ene-
MEHT reHepye enekTpPUYHNA CTpym?

191. BrsHaute 0cobnMBOCTI MaNMBHUX €NEMEHTIB Ta ENEKTPUUHUX aKYMYNATOPIB.

192. CxapaKkTepu3yinTe NOLMNPEHICTb rasbBaHiYHUX enemeHTiB y nobyTi Ta TexHili.

S

3aBAaHHA ONsA 3aCBOEHHA Ma'repiany

193. OnuwiTb po6OTY ranbBaHIYHOrO eIEMEHTA, O CKNAZAETHCA 3:
a) cpibna, marHito, po3unHiB apreHTym(l) HiTpPaTy Ta MarHii HiTpaTty;
6) maHraHy, Hikento, maHraH(ll) cynodaty Ta Hikenb(ll) cynbdarty.
AKnn 3 enekTpopiB € aHoAOM, a AKMA — Katogom? [lopisHanTe EPC yboro
ranbBaHiuHoro enemenTa 3 EPC enemenTta flko6i-AaHiens.

3aBp,a|-||-m 3 PO3BUTKY KPUTUYHOIro MMNCJIeHHA

194.Y wKinbHin nabopatopii yuHi AocnigxysBanu oa]
po6oTy 6aTapelioK. Y iXHbOMY pO3NOpPALMKEHHI g A
6yno Tpu 6aTapenku, NPOMapKoBaHUX TaKNMM -
MO3HAUEHHAMN Ha eTukeTKax: rechargeable, 14 4
alkaline Ta hezj\vy-duty. |?I3HI 6aT§peMKM nomi- 13 Rechargeable
Wanu B ofHY 1 Ty camy irpallky i yuepes nesHi Y
NPOMIXKKIM yacy BumiptoBanu EPC 6atapeliok. !
3a pesynbTaTamy BuUMiptoBaHb nobymysanum 1,14 \ Heavy- Alkaline
rpadik. Aknii TMN 6aTapenok cnif BUKOPUCTO- 1,0 4 uty
ByBaT/ 3a HeOOXiAHOCTI, Wo6 BOHA npauoBa- 09
’ 1 1 1 1 1

na Akomora paoBlwe? fAki 6aTapenikum «BUCHa-

»KaTbCA» HanwwBmaLwe?
Yac, ron



TEMA 3. XIMIYHI PEAKLIIT

195. Br3HauTe, AKMM Moxe OyTW CKnaj ranbBaHiYHOro enemeHTa (MaTepian enek-
TPOAIB Ta CKNaj enekTPONiTiB), Y AKOMY BifbyBaloTbCA NpoLecu:
Ha aHoai: Ni® +20H™ - 2e~ — Ni(OH),;
Ha katogi: Ni(OH); + e~ — Ni(OH), + OH".
CknapgiTb CymapHe MoneKynapHe PiBHAHHA XiMiYHOI peakLii B LLbOMY efleMeHTi.
196. Koposia meTanis — Le MOWUPeHWiA, ane WKIAAMBMA i HebaxaHWn npouec,
WO iHOAI MOXe CrPUUYMHUTL 3HaA4YyHi HempWEMHI Hacnigkn. Koposia 3anisa
BifOyBaETbCA 3a peaKuieto: 4Fe + 30, + 6H,0 = 4Fe(OH),. Ak BY BBaXaeTe,
Yy MOXHa KOpO3ilo Ky30Ba aBTiBKM BMKOPMWCTATK 3 KOPUCTIO, HanpuKnag, Ana
reHepauii enektpoeHeprii?

Mini-npoekTn

197. lNpoaHanisynte HanUCK Ha eTUKeTKax KOMepLiHO AOCTYNHUX BaM akyMyns-
TOpiB i 6aTapeoK Ta MPOKOMEHTYINTe cknag umx npucTpois. Lo o3HavaoTb
Hanucn Ha etnkeTkax «Hg-Cd free»? AK BU BBaXa€Te, HaBiWO HeobXigHO 3a-
3HauaTu Ul iHpopmauito?

198. MigHi Kpuctanu.
EneKkTpoximiuHi peakuii MOXyTb CTaTV B MPUrofi ANA BMPOLLYBAaHHA KpUCTaniB
meTanis. [1nA BUPOLLYBaHHA KPUCTaniB Mifi Ha AHO MOCYAUHWN MOMICTITb MiAHUI
Kynopoc macoto 20-30 r i 3acunTte 1noro KyxoHHoto cinnto macoto 20 r. Lap coni
HaKpuiATe NPOKNALKO 3 TKaHVHY abo GinbTpyBanbHOro nanepy Tak, Wob BoHa
npunarana o 60KOBUX CTIHOK MOCYAMHU. 3BepPXY Ha NMPOKNafKy MOKNagiTh 3a-
Ni3HY NAAcTUHKY. MoTiM JONUATe HAacMYEHWIA PO3YMH KYXOHHOI COni TaK, LWob6
BiH MOKPMBaB MIacTUHKY Ha 1 cm. Yim AoBLIe TpMMaTK MAACTUHKY B TakoMy
«peakTopi», TUM BiNbWMMI 1 PiIBHOMAHITHILWMMK 33 GopMmoto ByayTb KpuUcTanu.

199. JIUMOHHWI ranbBaHiYHW E€TIEMEHT.
ObepexHO NoYaBiTb NMMMOH, OO He 34epTH LLKip- E
Ky, Ta 3po6iTb ABa HEBENUKI PO3pPi3n Ha NOro Npo- 1
TUNEXHMX GoKax. Y po3pi3n BCTaBTE LMHKOBY Ta \ :
CBUHLIEBY MNACTVHKW, 3'€QHaNTE iX i3 BONBTMETPOM

i BM3HauTe NoKasHuKKM (Man. a). MNoBTopiTb Aocnia, a
BUKOPWUCTOBYIOUM iHLWI HasABHI MeTanesi MnacTuHu

(cTpwkHi abo ¢donbry) B pi3HUX KOMGiHaLiax. Mo- E
ACHITb OTpVMaHi pe3ynbTath. [nA TOYHIWuX BU-

MiploBaHb 3aMiCTb OAHOTO JIMMOHAa MOXKHa BWKO- %% f %'h /

PUCTaTV HW3KY MOCMILOBHO 3'€AHAHNX NIVMOHHIX ’ﬁﬁ f S 1 /
ranibBaHiuHVX eNnemeHTiB (Marn. 6). 3amicTb IMMOHa
MOXHa BMKOPWCTATK anenbCcuH abo iHWWn GpyKT. 6
Hocnigite, un 3ane)kaTb MOKa3HWKW BONbTMETPaA

Bif BUKOpucTaHoro ¢pykra. Mam'atante! Micna go-

CnigiB BUKOpUCTaHi GPyKTM ICT He MOXKHa!

Ilepegipme ce0i 3HaHHA 3a memorw «XimiuHi pearuyii»,
BUKOHABWU mecmo8i 3a60aHHA HA caillmi.




TEMA 4. HEOPFAHIYHI PEHOBUHU
1 IXHI BAIACTUBOCTI

§ 15. 3aranbHa xapaKkTepucTuka HemeTaniyHux
enemMeHTiB Ta HemeTanis
MpurapainTe:
« 6yfOBY efleKTPOHHNX 060NIOHOK aToMiB (§ 2);
 BAJIEHTHI MOXK/IMBOCTI €IEMEHTIB B OCHOBHOMY Ta 30yn keHoMy cTaHax (§ 3).

OcobnuBocTi OygoBU eneKTpoHHOI 0OONIOHKK aTOMIB Ta MicLe
B [Nepiognynin cnctemi

Bu nam’sitaere, 110 Ha moyaTky Kypcy Ximii My moginsaau ximiumi este-
MEeHTHU Ha IBi rpynu: merasniuHi Ta Hemerasiuni. [{a kiaacudikaiia sHaUHOIO
MipOI0 I'PYHTYETHCS Ha 3JATHOCTiI aTOMiB €JIeMeHTiB mpuiiMaTu U BigmaBaTu
€JIeKTPOHU. ¥ XiMiUHMX B3aEMOMiAX aTOMHN METAJIIYHUX €JEeMEHTIB TiJIbKU
BiIJaioTh €JIeKTPOHU, a HeMeTAJiYHNX — IIParHyTh IPUHHATU eJIeKTPOHU,
ajle MOXKYTb i BigmaBaTu, 3aJie’KHO Bil TOTO, 3 AKMMH aTOMaMHU CIIOJIyda-
oTbcA. [IopiBHAHO 3 METATIUYHUMY eJIEeMEHTaMU HEMETAJIIUHUX iCHYE 3HAUHO
menrie — Jjumine 25 i3 Bimomux Ha choroxui 118 emementiB (mam. 15.1).

Vei mi 25 HemeTasliuHNX eJeMEHTIB BiApisHAIOTHCSA 3a BJIACTHUBOCTIMU.
Taxk, cim i3 H=ux — Bop, Curiniii, I'epmaniii, Apcen, Crubiii, Tenyp, Acratr —
3a perxomeHpgamiero IUPAC HasuBaioTh HANi8MEeMANIYHUMU, OCKIIBKH iM
OpuTaMaHHi IeBHI BJIACTUBOCTI METATIUYHUX €JI€MEHTIB: YTBOPEHI HUMU ITPOCTi
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Man. 15.1. HemeTaniuHi enementn B lNepiognyuHin cnctemi (QOBrum BapiaHT): ®© — HaniBmeTa-
NiYyHi,  — HemeTaniyHi, © — iHepTHiI



TEMA 4. HEOPFAHIYHI PEYOBWHM | TXHI BJIACTBOCTI

PeUYoOBHHN MalOTh MeTAJiuHMHKi OJMCK i, Xoua I HeBeJMKOI Mipoio, aje IIpo-
BOISATH €JIEKTPUYHUUA CTPYM, a JAesdKi 3 HUX BUTICHAIOTH BOAEHb i3 KHCJIOT
a00 yTBOPIOIOTH KaTiOHMU.

Enementu VIIIA rpymnu € inepmHumu, eTeKTPOHHA 000J0HKA IXHiX aTo-
MiB cTrabisibHa, BOHU He IParLyTh IPUHAMATH YN BigJaBaTH eJIeKTPOHI. X0oua
IJI BaKKUX IHEPTHUX eJIeMeHTiB Bifjomi cnonyku, Hanpukiaan KrF, ra XeO,.

3 ycix HeMmMeTasiuHUX ejJeMeHTiB TijibKu gBa — Iigporem i Temiti —
€ s-eJJeMeHTaMu, yci iHmri — p-exemeHTH. B iHepTHUX p-esileMeHTIB Ha 30B-
HIIIIHBOMY €HEePreTUYHOMY PiBHI — OKTeT eJeKTPOHiB. Uum OJMKUe MeBHUHA
eJIeMEeHT PO3TAIIOBAaHUWI [0 iHEePTHOTO, TUM CHJIbHiIlle HOro aToMu IIpar-
HYTb NPUAMATHU €JEeKTPOHU, a OT:Ke, TUM CUJIbHiIlle BUPAKeHI HeMeTaiuHi
M OKWMCHi BJIaCTUBOCTI.

MNowupeHiCTb HemeTaniyHuX efieMeHTiB y Npupogi

VY mpuponmi TpamiaAmTbBCA aTOMU BCiX HEMETATIYHUX €eJIeMEHTiB, OKpim
OraneccoHa, III0 OJEePKAHUI INITYYHO IIiJ Jac AJepHUX pPeakrIliil.

V Bcecsiri 3 yciel kinbkocti aromis 93 % mnpunagae ma aromu Iigpo-
reay, 6,9 % — ma atomu Iexiro. OTike, HeMeTaJIiuHI ejleMeHTH — HAMIIO-
mupenimnri y BeecBiti (man. 15.2, a).

MoskHa TaKOK yIeBHEHO I'OBOPUTHU, IO i HA HAIMIN IJaHeTi «IIaHYIOThH»
HeMeTaiuHi eqeMenTr. OCHOBHI KOMIIOHEHTHU IIOBITPSA — as3oT Nz, KHCEeHb
0,, aprou Ar, Boxsana mapa H,0O, Byriexkucianii raz CO, Tomo — yTBOpeHi
came HeMeTradiuHumu ejgemeHTamu. OT)Ke, aTmocdepa 3eMJi CKJamaeTbCsAd
TiIBKM 3 HEMeTaJiuHuUX ejaeMeHTIiB (maa. 15.2, 0).

HewmeraniuHi e1eMeHTH TaKOK IepeBaskaioTh y JiTocdepi (mau. 15.2, g):
MaiiKe moJioBUHA ii Mmacu — 1e crmonyku Oxcureny, a uBepTh — Cuiririzo.
Ho tux 14 %, 1o mpumajaoTh Ha iHIII eJleMeHTH 3eMHOI KOpu, pasoM i3
MeTAIIYHIMHU eJeMeHTaMU HaJeKaTh TaKOXK yci iHIN HeMeTariuHi eJ1eMeHT
y CKJIaAi PiBHUX CIOJYK.

IHWi rasm
/ IHwi 0,1% 0,07 % IHWi 14%
——C0, 0,03%
—— He 6,9% 2 Fe 4%
? ——Ar 09% 0 49% ’
——Al 7%
0, 21%
a 6 8
Y BcecsiTi (y BigcoTkax Bif Y cyxomy nositpi Y 3emHin Kopi (y BigcoTkax
3arafibHOI KiJIbKOCTi aToMiB) no6nusy nosepxHi 3emni BiAA 3aranbHoi macy)

Man. 15.2. lNowwnpeHicTb HeMeTaniyHMX eneMeHTiB y Npupogi



§ 15. 3aranbHa xapakTepucTKa HemMeTaniYHWX efeMeHTiB Ta HemeTanis

CeitroBuii okean Ha 96,5 % cKiaagaeTbca 3 Boau (CIIOJIYKA ABOX HeMe-
TaJiYHUX €JEeMEHTiB), yce iHIlle IpuIlaflae Ha COJIi, Yy CKJIAAI AKUX TAKOK
b6araTo HeMeTaJiuHUX eJeMeHTiB: XJop (xygopun-iounn), Bpom (6pomia-iomn),
Cyabsdyp (v ckaazni cyabdar-iouniB), Kapbou (y ckjaami xapbomar- Ta rigpo-
reakapOoHaT-ioHiB), OKCUTeH TOIIIO.

HemeTanu. fiBnwe anotponii

HewmeraniuHi eleMeHTI YTBOPIOIOTH IIPOCTi peuyoBMHM — Hemeranau. [aa
BCiX HeMeTaJsiB XapaKTepHiI aTOMHi a00 MOJIEKYJISAPHI KpuCTaJiuHi I'paTKH,
30KpeMa, ¥ [Jid MPOCTUX PEYOBUH, YTBOPEHUX HAIIIBMETAJTIiYHUMU eJIeMeH-
ramu. Ilompu Te, IMO IIMM pPeUYOBWHAM IIpUTAMaHHA €JEKTPONPOBiITHICTH,
aToMM B HHUX CIIOJIYUYEHI KOBAJEHTHHUMH 3B A3KaMU M YTBOPIOIOTH ATOMHi
KpHUCTaJIiuHi I'PaTKuU.

BynoBa peuoBuH 3yMOBJIIOE GiJBIIICTh (PiBMUHUX BIACTUBOCTEH, CITiIb-
HUX [IJI HEMeTaJiB:

+ MAlOTh IepeBa’XKHO HEBUCOKi TeMIlepaTypu IJIaBJeHHS Ta KUIiHHA,
TOMY HEMeTaJIM 3a 3BMYAWHUX YMOB rasysaTi (BoaeHb, ()TOp, iHEpPTHi rasm
TOIO), piaki (6pom) abo JIeTKOIIJIaBKi TBepIi pPeuOBUHU;

* He IIPOBOJAATH E€JEeKTPUUYHUN CTPYM (32 BUHATKOM HAMiBMeTaJiB, IO
€ HaIliBIPOBiAHWKaAMMN);

* y TBEPJOMY arperaTHOMY CTaHi KPUXKi Ta HeIJacTUYHi;

- 6araTo HeMeTaJiB MAlOTh XapaKTepHe 3a0apBieHHA (OKpiM HamiBMe-
TajJiB, I110 MaOTh MeTaJiuHuil GJIMUCK).

Xoua Bigomo 25 HeMeTaTiUYHNX €JIeMEeHTiB, IPOCTUX PEUYOBUH-HEMETAIiB
icaye smauHo Oisbie. Ile 3ymMoOBJIeHO TUM, IO ATOMH OJHOTO XiMiUuHOTO
eJleMeHTa MOKYTh YTBOPIOBATH OBi ab0 OijbIlle TPOCTUX PEUYOBUH, PiBHUX
3a OyZ0BOIO Ta BJAacCTUBOCTAMU. lle ABUIIe HA3UBAIOTH AJIOMPONIEI0, a TTPOCTi
PEUYOBUHU — AJLOMPONHUMU MOOUPiKaAUigMU:

.\ AnoTponHi mogudikauii — e NpocTi peYoBUHY, YTBOPEHI aTOMaMmn OJHOrO Xi-
¢ @ WNiyHOrO enemeHTa.

Hearki xiMiuHi eJileMeHTi yTBOPIOIOTH JIMIIE OAHY ITPOCTY PEUOBUHY, Ha-
MPUKJIaJ, TaJloTeHW Ta iHepTHi rasu. AJje OiNBITiCTh eJeMeHTIB y HpPUPOIi
YTBOPIOIOTH KijJbKa aJIoTporrHuX Moaudikariii. Hamommpeninri aaoTponHi Mo-
audikarii HeMeTaJiuHIX eJIEMEeHTIB MU PO3IJISTHEMO B HACTYITHUX ITaparpadax.

XimMiuHi BnacTMBOCTi HemeTanis

1. OxkwucHi BIracTuBOCTi. ATOMU HEMETAJTIUHUX €JIeMEHTIB IIParuyTh IpU-
WHATH eJeKTPOHU AJII OTPUMAaHHS OKTeTY eJeKTPOHIB Ha B30BHIIIHBOMY
eHepreruuHoMy piBHi. OT)Ke, HaWOiIbII XapaKTepPHUMU AJA HEMeTaJliB €
OKICHi BJIACTMBOCTi, AKi HaliCUJbHiIIle BUpPakeHi B raJiIoreHiB.



TEMA 4. HEOPTAHIYHI PEYOBWHMW | TXHI BNACTMBOCTI

Opun i3 rajoreHiB — @TOp — HaANCHJIBHIIINI OKUCHHUK cepen ycix
PEeYOBUH:
+ (DTOP OKWMCHIOE HABITH MAaJIOAKTUBHI MeTaJIn:

Pt + 2F, —"°< PtF,
+ B armoc(depi QTOpy 3ropAOTH OPraHiuHI PEeYOBUHU:
CH, + 4F, = CF, + 4HF

« B aTrMmocdepi GTOpy ropuTh HABiTH BOzA:
2H,0 + 2F, = 4HFT + 0,1

. . o . . h
* miJ yac HarpiBaHHA (PTOP OKWMCHIOE i iHepTHi rasu: Xe + F, — XeF,

B immmmx memeTasiB OKMCHi BJIacTHBOCTI He TakKi cumabHi. Hemeranm
3i ca1a0KMMM OKMCHUMHU BJIACTUBOCTSIMU, HANPHUKJAL BOIAEeHb Ta BYIJIEIb,
BUSABJISIOTH OKMCHI BJACTUBOCTI B peaxIligxX i3 MeTajsaMu:

2Na + H, = 2NaH

Ca + 2C = CaC,

2. BignoBHi BracTuBoCTi. ATOMU HeMeTaJiUYHUX €JIeMEHTIiB MOYKYTbH Ta-
KOJK BigmaBaTu €JIeKTPOHU, AKIIO B3aEMOIIIOTH i3 CHUJIBHIIIIUM OKMCHUKOM.
HaiinormupeHiri BifHOBHUKY cepes HeMeTasliB — BOEHB i Byrjelb. I1x Bu-
KOPUCTOBYIOTH IJA JOOYBAHHS METAJIB 3 OKCHIIB:

Fe, O, + 3H, = 2Fe + 3H,0
2Cu0 + C = 2Cu + CO,T

Taxkoxx HeMeTaJ W BUABJISAIOTHL BiTHOBHI BJIACTHMBOCTI B peakIliAxXx 3 iH-
IINMU HeMeTaJaMM, SKi € aKTUBHIIINMN OKHCHUKAMN:

2H, + 0, = 2H,0
2P + 3Cl, = 2PCl,

JleTki cnonykn HemeTaniyHMX enemeHrTis i3 [igporeHom

Bararo ximMiuHUX ejeMeHTiB yTBOPIOIOTH cIoJyKu 3 [imporenom. Auie
XapaKTepPHOIO0 0COOJIMBICTIO HEMETANIIUHNX eJIeMEeHTIB € Te, [0 IXHi CIIOJIyKU
3 lizporeHom JieTKi, TOX BOHU MAalOTh MOJIEKYJISPHI KpUCTaJNiYHI I'DPaTKu
i 3a 3BUYaHUX yMOB IIepeOyBaioTh y PifKOMy (Boza Ta TigporeH (uryopun)
abo rasyBaToMy arperaTHOMY CTaHi.

Boaui posumHHN OiJNBIIOCTI JIETKUX CIIOJYK HEMETaJiuHMX eJIeMEeHTiB
iz TigporeHom — Ile KHCJOTH, aMOHiaK i poc(iH y BOZHOMY PO3UUHi €
CcJIa0KMMM OCHOBAMM, 4 1HINI He BUABIAIOTH KUCJIOTHO-OCHOBHI BJIACTUBOCTI
(man. 15.3).



§ 15. 3aranbHa xapakTepucTKa HemMeTaniYHWX efeMeHTiB Ta HemeTanis

I'pyna

IITA IVA VA VIA VIIA

. BH CH NH H,0 _HF
2 mepiof 3 4 3 2 rifiporen
Gopax MeTaH aMoHiaK BOJZIA bITyOPHL
3 mepiog SiH4 PH3 -HZS ri,uI-;I)g'IeH

: izpore

CHJIaH ochin I(‘:;’IJ?L(;)i;I XJIOPUJL

: GeH AsH H,Se HBr
4 mepiox 4 3 rigporex rigporex
repMaH apcuH CeJIeHin Opomiz

. SbH H,Te L

5 mepiog, .3 rizporex rigporex

cTubin TeNTypus omup

Man. 15.3. JleTKi cnonykn HemeTaniyHux enemeHTiB i3 lNgporeHoM. Konbopom Mo3Ha4yeHo Kuc-
JIOTHO-OCHOBHWI XapakTep iX BOAHWUX PO3YVHIB: ® — He BUABMAIOTb KMCIOTHO-OCHOBHI BnacTu-

BOCTI,

— BUABNAOTb OCHOBHI BNACTUBOCTI, © — BUABNAIOTb KWUC/IOTHI BNAaCcTUBOCTI

JliHesicmuyHa 3a0aya

MpeubKoto allos 03HaYaE «iHLWNNY, a tropos — «MoOBOPOT» abo «BNACTUBICTbY. [OACHITL 3Ha-
YeHHA TepMiHa «anoTPomnHi moaudikauii.

%
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KniouoBa iges

HemeTaniuHi enemeHT — HainowwvpeHiwi B npupogi. IxHi aTomy nparHyTs npu-
NMaTn enekTPOHW A0 YTBOPEHHA OKTETY eNeKTPOHIB Ha 30BHILUHbOMY eHepreTuny-
HOMY PiBHIi, YHaCNiAOK YOro Ana HUX Ginbll XapaKTepHi OKMCHI BNacTMBOCTI.

KOHTpONbHI 3anuTaHHA

200. CxapakTepusyinTte micue HemeTaniuHUX enemeHTiB y epiognyHin cnctemi Ta
0co6MBOCTI By[OBMN €NeKTPOHHMX 0OOMOHOK TXHIX aTOMIB.

201. Aki enemeHTV Ha3MBalOTb HaniBMeTaniyHNMK? Yomy BOHW 3BYyTbCA came Tak?

202. CxapakTepusyiTe NOWMPEHICTb HeEMeTaniuHX enemeHTiB y BcecBiTi, noBiTpi,
CBiTOBOMY OKeaHi 1 3eMHiln Kopi.

203. CxapakTepusyiiTte 3arafbHi ¢isnyHi Ta XiMiyHi BNacTUBOCTI HemeTanis.

204. [lanTe BM3HAYEHHA TEPMIHIB «anoTpOoNiA» Ta «anoTponHi mogudikauii».

205. Aki peyoBMHN Ha3uBalTb NeTKUMK cnonykamu 3 FigporeHom? Hasepgitb npu-
Knagw.

3aBfaHHA ANA 3aCBOEHHA MaTepiany

206. BrkopucToByOUMN 3HaYEHHA eneKkTpoHeraTnBHocTen (guB. MNepiognuHy cnctemy
Ha pop3aLli), BU3HauTe TUM XiMIYHOrO 3B'A3KY B NIeTKMX criontykax i3 [igporeHom.

207. CxapakTepusyiTe OKWCHI BNAacTUBOCTI HEMeTaniB Ha NpuKnagi xnopy Ta Bia-
HOBHI BNacTMBOCTI HemeTasiB Ha npuknagi syrnewto. CKnagiTe BiANOBIAHI piB-
HAHHA XIMIYHUX peakuin.



TEMA 4. HEOPTAHIYHI PEYOBWHMW | TXHI BNACTMBOCTI

3aBAaHHA 3 PO3BUTKY KPUTUYHOIO MUCJIEHHA

208.Y nopaTKoBUX Axkepenax iHpopmadii 3HangiTe BignoBifi Ha TaKi 3anUTaHHSA:
— Yomy MOXnMBe iCHYBaHHA KiflbKOX anoTponHUXx Mopudikauin ogHoro Xi-
MiYHOro enemeHTa?
— Yomy geski XiMiuHi eneMeHTV yTBOPIOKOTb NULLE OAHY PEUYOBMHY, a iHWI —
Jekinbka?

209. Yomy, Ha Bally AYMKY, Ha ManioHKy 15.2 He HaBefieHO GOpMy”N NEeTKUX CMonyK
i3 ligporeHom HemeTaniyHux enemeHTiB 1, 7 Ta 8 nepiopis, a Takox VIIIA rpynu?

210. Temnepatypa nnaBneHHA aproHy -189,4°C, a papiyc noro atomis 0,191 Hm.
Y KceHOHy TemnepaTypa nnasneHHA -111,8°C i atomHui pagiyc 0,218 Hm.
Yn MoXnvBo nepepbaunTyi TeMnepaTypy MnaBiAeHHA Ta aTOMHWIA pagiyc
KpunTtoHy? MNopiBHANTe nepeabdayeHi Bamy BEANUYNHN 3 AOBIAKOBUMM.

§ 16. lanoreHun. Xnop

Mpurapaiite: OynoBY eNEKTPOHHOI OOOIOHKU aTOMiB XNopy B OCHOBHOMY Ta 36yake-
HOMy cTaHax (3a § 3).

3aranbHa XapakKTepucTuKa rasoreHis

Tamoremamu vazuwBawTh ximiuui emementu VIIA rpynm Ilepiogmunoi
cucremu — PDayop F, Xmop Cl, Bpom Br, Mox I i Acrar At. CioBo «raio-
TeHI» YTBOPEHO BiJ I'PEIbKUX CJIIB 2a/l0C — «CiJb» i 2eHOC — «HAPOIIKYIO»
i osdHauae «Ti, 10 HAPOMKYIOTE coJi». ¥ XIX ct. Xjgop Tak i HaswBaaum —
«COJIEpPO», IMiMTKPECTIIYN HOT0 3[aTHICTHL pearyBaTu 3 MeTajlaMU 3 yTBO-
PEHHAM XJOPHUIIB — COJIeH XJIOPUIHOI KHCJIOTH. AHAJOTiIUHI BJIACTHUBOCTI
XapaKkTepHi I Aad iHIOIUX rajJloTeHiB.

Y ®ayopy Haiibijbina eJeKTPOHETaTHUBHICTb, TOMY IJIA HBOTO Xapak-
TepHi suine ABa cryneni okucHenua: 0 (y F,) i —1 (8 ycix cnmonykax). Iumi
raJIOreHu BUABJSIOTH Pi3Hi CTyIeHI OKHCHeHHA: AK HeraTuBHUH —1 (i3 Me-
TajdivHEuMU ejgeMeHnTaMmu i 'igporeHom), Tak i MO3UTHUBHI CTyHeHi OKMCHEHHA
+1, +3, +5, +7 (is3 dayopom i Oxcuresnom).

Di3nyHi BRacTnBoCTI xnopy

+ 3a 3BUYAHUX YMOB — B3eJIEHYBaTO-KOB- i i
Tuit ras (y mepekJani 3 rpempkoi ioro
Ha3Ba O3HAUAE «3eJIEHYBATO-*KOBTUM»);
* Ma€ XapaKTepHUI PisKUil 3ayIIJIUBUNA 3a-
max, II0 Harajaye 3alax <«XJOPKU!»;
* 3a oxoJIom:KeHHsA 10 —34 °C XJ10p mIeperso-
PIOETHCA Ha JKOBTO-3€JI€HY piamHy, a 3a
—101°C mepexoauTh y TBepAHIi CTaH;
« IpUOJIM3HO y 2,5 pady BaKuuii 3a IOBiTPA;



§ 16. TanoreHn. Xnop

- 3a temreparypu 20°C i HopMmasgbHOro TUCKY B 1 00’eMi Bomu po3uu-
HAETbCA 3 00’eMu XJIOPY. BOAHUI PO3UNH XJIOPY HA3MBAIOTh XJIOPHOIO
BOJI00;

* OTPYHHUI, HABITHh Yy HEBEJIUMKWX KOHIEHTPAIIAX IIOAPA3HIOE CJIM30-
BY OOOJIOHKY AWXaJbHUX ILIAXIiB i COPUUYMHSE KallleJb. ¥ BUIAAKY
OTPYEHHS XJOPOM CJiJ BAMXATH BUIIAPU CYMIIIli OZHAKOBUX 00’ €MiB
cuupty # 10% -ro posumHy aMOHiaKy.

XiMiuHi_BracTMBOCTI XN0py

1. Bzaemopgis 3 meramamu. XJiop — CWJIBHUU OKHCHUK i TiATPpUMYE
ropinHa 6araThboxX MHPOCTUX 1 CKJIaZHUX peuoBuH. llesdAKi peduoBMHU cmaJa-
XYIOTHb MiJi Uac 3aHYPEeHHS B IMOCYAWHY 3 XJIOPOM.

AxTuBHI MeTasnu, 30KpeMa Jy:KHi, pearyioTh i3 XJopom 6e3 HarpiBaHHSA:

2K + Cl, = 2KCl

s peakirii 3 XJJopoM MarHiiti Heo0xXifHO HATPiTH B moayM’i MaJbHUKA.
Y xJsiopi BiH 3aropserhbca (xodua i1 He Tak OJMCKyde, AK Ha HMOBiTPi) 3 yTBO-
peHHAM Oijoro gumy marHii xjgopunay (mana. 16.1,a):

Mg + Cl, = MgCl,

3aj1izo aKTHUBHO B3aEMOJIE€ 3 XJIOPOM, SKIIO HOT0 3a3Jajierib posika-
puTH, i OKMCHIOETBCA O CTyIeHA OKHCHEeHHA +3. Y mocyamHi 3 XJiopom
po3sKapeHi YacCTMHKM 3aJji3a Ie CUJbHiIlle po3irpiBaioTbesi, i B pesyJbTari
peaxirii yTBOpOEThCA KOPUUHEBUH UM i3 ApibHUX Kpucraaukis depym(III)
xjopuny (man. 16.1, 6):

2Fe + 3Cl, = 2FeCl,

XJI0p OKHMCHIOE TaKOK i MaJOAKTUBHI MeTaau, 30KpeMa Migb. Posmeuenni
IO YEePBOHOTO MimHWI APIT y XJIOpi Ile GijbIlle PO3KAPIOETHCA Ta 3TOPHE,

Man. 16.1. B3aemopia 3 xnopom marHito (a), 3aniza (6) i migi (8)




TEMA 4. HEOPFAHIYHI PEYOBWHM | TXHI BJIACTBOCTI

HAIIOBHIOIOUYM KOJIOYy OypMM IHMOM, IO
cKJIaAaeTbeA 3 vacTuHoK Kynpym(Il) xmo-
puny (man. 16.1, 8, c. 85):

Cu + Cl, = CuCl,

i 2. Bsaemopaisi 3 HemeTtamamu. XJIOp
i AKTHUBHO B3aEMOLie 3 OiJbIIicTIO HeMme-
taniB. Hampukmaazn, ¢gocdop sarimMaeTbCcs
y XJI0pi 0e3 HarpiBaHHs i 3ropse cainydmm
(6) moaym’saM. Ha cTiHKax IOCyAWHHU yTBO-
piofoThcs GesbapBHiI Kpamui docdop(IIl)
Man. 16.2. fopiHHs y xyiopi dochopy (a)  xaopuny PClg, axi B Hamgumky xJuopy

Ta BOAHIO (6) YACTKOBO IEPETBOPIOIOTHCS HA KPUCTAJIA
sumoro xjopuny PCl, (man. 16.2, a):
2P + 38Cl, = 2PCl, PCl, + Cl, = PCI,

Bogeunn Ha moBiTpi ropuThk Maii:ke 0e30apBHUM IMOJIyM’ AM. SIKIIIO ra3oBig-
BifHy TPYOKY 3 BOJHEM OIIYCTUTHU B CKJISHKY 3 XJIOPOM, BOJE€Hb IIPOJIOBXKYE
ropitu, aje moJiyM’ s 3MiHIO€ 3a0apBJIeHHA Ha 0ijie 3 Jeab MOMITHUM 3eJIeHyBa-
TuM Bigriakom (masa. 16.2, 6). IlocTymoBo mocyiuHA HAIIOBHIOETHCA TipOreH
XJIOPUIOM, IIPO YTBOPEHHS KO0 CBiIUNTDL MOSIBA TyMaHy 3 OTBOPY CKJISHKN:

H, + Cl, = 2HCI

ITixkaBo, 10 ByTijIs, AKe MIBUAKO 3TOPAE B KUCHI, i3 XJIOPOM He pearye.

XJ0p Tako:K He B3aE€MOIi€ 3 KMCHEM i a3oToM.

3acTocyBaHHA Xxnopy

IITopiuso y cBiTi BupobaseTbess 6au3bKo 30 MJIH TOHH XJIOPY.

« Binpmra vactTuHa XJ0py e Ha OIepP:KaHHSA TigpPOreH XJOPUAY 1 XJIO-
punHOi KucyaoTu. baraTto XJ0py BUKOPUCTOBYIOTH IJIS XJIOPYBAHHA OpPraHiu-
HUX PEUYOBUH.

« MeTomoM XJOpYBaHHSA OAEP:KYIOTh PI3HOMAHITHI IacTMacu, 3acoou
3aXUCTy POCJUH, OAaPBHUKU, JIiKW, POSUMHHUKU.

+ XJI0p BUKOPHUCTOBYIOTh Y BUPOOHUIITBI XJOPHOTO BamlHAa, XJIOPaMiHY,
IS BUOIMIOBAHHA JIIAHUX i 0ABOBHAHUX TKAHWH, Iamepy.

- HaBiTh y HeBeIMKUX KiJIBKOCTSX XJIOP 3HUIIYE XBOPOOOTBOPHI OaKTepii,
TOMY HOr0 HapiBHi 3 XJIOpaMiHOM i 030HOM 3aCTOCOBYIOTH IJIf 3He3aparKeHHA
nuTHOl Bogu. Ilepen mogaueio 10 BOJOTOHY MUTHY BOAY XJIOPYIOTH — PO3YUM-
HAIOTH y Hill meBHY KinbKicTb xj0py (He Oinbire 0,002 r ma mitp). Ilepir HiK
XJIOPOBaHA BOZA MOTPANUTD [0 CIIOIKUBAYIB, YBECh XJIOP BCTUTA€E IIE€PETBOPUTH-
cf Ha XJIOPUAHY KUCJOTY. li KOHIIEHTpAaIlif y BOAOIPOBiAHIN BoAi HACTIIBKHU
MaJja, III0 BOHA He BiUyTHA HA CMaK i He INKinBa AJiA OpraHidMy.

B Vkpaini pigkuit xmop Bupobise migmpueMmctBo AT «I[HimTpoAsoT».



bionoriyHe 3HauyeHHA ranoreHis

Dayop € KUTTEBO HEOOXITHUM /I OPTaHisMy JIIOJUHU
eiremeHTOM. B opramismi gioamHu PIyop MiCTHTHCA
TIepeBaKHO B 3yOHiM emaui y ckiaanmi duyopamaTury
Ca,(PO,);F. 3a nmecraui @ayopy (<0,5 mr/a y nuTHiin
BOZi) 3y0HA eMaJib PYHHYETHCA BHACTITOK BUMUBAHHA
Dayopy 3 (ayopamaTury, IO € IPUYMHOKI Kapiecy.
Hapgnuimor @ayopy (>1 mMr/n y nuTHi# BoAi) cupuym-
Hse (II00PO3 — 3axXBOPIOBAHHA 3y0iB i KicTOK.

XJop — oauH i3 HaWBaKJIUBIIIINX OiOTeHHUX eJIeMeH-
TiB, BiH MICTUTBCA Yy CKJIQAi BCiX JKUBUX OpPTaHi3MiB.
VYV TBapuH i JIOOUHU XJIOPUA-iOHN 6€PYTH yUacTh y I'O-
MeocTasdl — MmiATPUMIII CcTaJIoro CKJamy Oiooriuamx
pifvH oprauiaMiB. ¥ MIIYHKY JIIOAWHU XJIOPUJ-i0HU
CTBOPIOIOTH CIIPUATJINBE CepemoBUIle I ail (hepmeH-
TiB IIIJIYHKOBOTO COKY.

XJ0p — KUTTEBO BAYKJINBUU €JIeMEHT IJA POocauH. Bin
HeoOXiMHUI AJIs YTBOPEHHS KUCHIO B Iporeci (hoTocuH-
Te3y, MOTJIVMHAHHA KOPEHAMU KUCHIO, crioqyk Kadiro,
Kansiito, Maruiroo. Aje HagMipHa KOHIEHTPAIis XJIO-
PUI-i0HIB y pocauHax, III0 BUHUKAE B pa3i 3aCOJI€HOTO
I'PYHTY, 3HUIKYE BMicCT XJiopo(iny Ta aKTHUBHICTH (o-
TOCUHTE3Y, CIIOBIJIBHIOE PICT i PO3BBUTOK POCJIMH.

Bpom y BuTIALI TPOCTOI PEUOBUHY AYIKE ITKiTIUBU.
Ve sa BMicTy BUmapiB 6pomMy B HOBiTpi OJM3BKO
0,001 % (3a 06’emoM) BinOyBaeThbCA MOJPASHEHHS CJIM-
30BUX 000JIOHOK, 3aIlaMOPOUYEHHS, a 3a OLIBIINX KOH-
IeHTpaIiil — cymoMu M’ a3iB ropJa. Pigkumit 6pom y pasi
MOTPAILIAHHA Ha IIKIPY CIPUYNHSIE XBOPOOJIMBI OMMiKY.
Crnonyku Bpomy mMaioTh 3aCIOKiNMIMBY Oif0, IX BUKO-
PUCTOBYIOTH AJISI BUTOTOBJIEHHA CHEIiaJIbHUX JiKap-
ChbKHUX IIperaparis.

Mox micTurhed B yeix sxuBuxX opranismax. Moro Bmict
y POCJIMHAX 3aJIe3KUTh Bif ymicry cmonyk Moxy B rpyH-
Ti i Bomi. [leAki MopchbKi BomopocTi (MOpCchKa KamycTa,
abo mamiHapis, Qyryc Tomo) HaKonuuyioTh 10 1%
Vony. V tBapuu i mopgmeu Mox micturscs v criani
TUPEOITHUX TOPMOHIB IIUTOIOAIOHOI 3ay03u — TH-
POKCUHY i TpUHOATUPOHIHY, AKi MaiOTh OaraTo0iumy
Iifo Ha picT, PO3BUTOK i OOMiH peYoOBMH OpraHisMiB.
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s

KnwouoBa igesa

lanoreHw, i Xnop 30Kpema, € NOWNPEHNMI B NPUPOII peyoBMHAMU, efleMeHTU-Ta-
NnoreHy — 6GiONOriYHO BaXK/MBi eIeMEHTH, BUABNAIOTb NEepPeBaXKHO OKMCHI BRacTu-
BOCTi.

KoHTponbHi 3anuTaHHsA

211. CxapakTepusyinte MicLe enemeHTiB-ranoreHis y lNepiognyHin cuctemi Ta ixHi
3aranbHi BNacTMBOCTI.

212. Yomy ana Onyopy MOXNMBI NKlle ABa CTYNeHA OKUCHEHHA?

213. KN i3 ranoreHiB € HANCUbHILLNM OKNCHNKOM?

214, CxapakTtepusyiTte $i3nyHi 1 XimMiYHi BNacTUBOCTI Ta 3aCTOCYBaHHA XJ0pY.

215. CxapakTepusyite 6ionoriyHe 3HaYEHHA rasioreHis.

216. lNopiBHANTE XiMiYHY aKTUBHICTb X/IOPY 3 aKTUBHICTIO iHLINX ranoreHis.

3aBAaHHA ONA 3aCBOEHHA MaTepiany

217. [ina piBHAHHA peakuil Xnopy 3 BOAHEM CKNAAiTb €NeKTPOHHUIA BanaHc, yKa-
KITb OKMCHUK | BIiHOBHWUK.

218. 306pasiTb po3nofiNl enekTPoHiB HAa 30BHILUHbOMY eHepreTUYHOMY PiBHi aTo-
MiB Xnopy B OCHOBHOMY Ta 30y[»KeHOMY cTaHax. CxapakTepu3yinte MOXuBI
BaJIEHTHI CTaHW Ta CTYMNeHi OKNCHeHHA Xnopy.

219. BusHauTe CTyneHi okucHeHHa Xnopy B cnonykax: Cl,, HCl, NaCl, AICl,, PCl,,
CIF;, CL,0, KCIO,, HCIO,, Mg(ClO,),.

220. Cknagitb enekTPoOHHWI 6anaHc ans peakui. YKaxKiTb OKUCHVIK i BiZHOBHUK:
a) KCIO,; + HCl — KCI + CL, + H,0;

6) PbO, + HCl — PbCl, + Cl, + H,0;
B) KMnO, + HCl — MnCl, + Cl, + KCl + H,0.

221. Cuniyin pearye 3 xnopom, yTeoptooun Buwmn xnopug. Cknagitb piBHAHHA
peaKuii, eneKTPOoHHMIA 6anaHC ANA Hel, yKaXKiTb OKUCHVIK i BIGHOBHMK.

222.ETuH B atMoCcdepi xN1opy roputb Kintasum nonym'am. CKnagite piBHAHHA Uil
peakuii.

KomnnekcHi 3aBgaHHA

223.Y cKinbKKn pasiB xJI0p BaXKumin 3a noiTpa? OBUNCAITb NYCTUHY XN0pY 3a HOp-
MasibHMUX YMOB.

224.TyctuHa xnopy 3a Temnepatypu 20°C ctaHOBUTb 2,96 r/n1. 3a LMX YMOB B 0A-
HOMy O6'eMi BOAU MaKCMManbHO PO3UYMHAETLCA TPU 06'emm xnopy. O6umcnits
MacCoBY YacCTKYy XJIOPY B HAaCMUYEHOMY PO3YMHi.

225.Xnop pobpe PO3UMHAETBCA B OPraHiYHUX PO3YMHHMKAX, Hampuknag y Te-
TpaxnopomeTaHi: y 100 mn po3unHHKKa 3a Temnepatypu 20°C po3umHAETbCA
5480 mn xnopy. O6UMCNiTb MacoBy HaCTKYy X/10pY B LibOMY PO3UMHI, AKLLO Bifo-
MO, L0 TYCTMHA TeTpaxJIopoMeTaHy JopiBHIOE 1,63 r/mn, a xnopy — 2,96 r/n.

226. Akuin 06'em xnopy HeoOXigHWI AnA peakuii 3 BogHeM ob'emom 25 n? Akun
06'EM XJIOPOBOLHIO YTBOPUTHCA?



§ 16. Tanorenu. Xnop

227. Nig vac B3aemogii pochopy 3 xnopom ogepxanu docdop(lll) xnopua macoto
13,75 . O6UncniTb 06'eM BUTPAUYEHOro XNOpy (H. Y.), AKWO BiAHOCHWUIA BUXig
NPOAYKTY peakLii ctaHoBUTb 75 %.

228.TigporeH XJOpWA, OAEPXKaHW CranoBaHHAM BogHo ob'emom 10 n (H.y.)
y Xnopi, po3unHunmn y sogi o6’emom 1 n. O6UMCNiTE MAcoBY YaCTKy KUCIOTK
B OTPUMaHOMY PO3UKHI.

229. O64ncniTb 06'em xnopy (H. y.), WO YTBOPWUTLCA Mif 4Yac B3aemopdii xnopua-
HOT Kucnotu 3 MaHraH(lV) okcugom macoto 174 1, AKWO BiAHOCHUI BUXif
NpoAyKTy peakuii ctaHoBUTb 80%. B3aemopia BinbyBaeTbcsA 3a Cxemoto:
HCl + MnO, — Mndl, + Cl, + H,0.

3aBA3HI—". 3 PO3BUTKY KPUTUYHOIro MNCJIEHHA

230. XJI0pOBMIiCHi CyMiLli YacTo 3aCTOCOBYIOTb ANA BUGiNoBaHHA 6aBOBHU, Nanepy
Ta iHWKWX MaTepianis ByrneBoAHOI Npupoaun. Afie BOHU HernpuaaTHi ans Bigbi-
NIOBAHHA BOBHW I LWOBKY. 3aNpOnoHynTe NOACHEHHA Lboro ¢akTy.

231. Kapn Weene, akuin Bigkpue xnop 1774 poky, nucaB nNpo Hboro Tak: «Koma-
XV B HbOMY HerariHO rMHyTb», «C/Hi NakMyCoBMiA Nanip cTae marxe 6inum,
yCi UepBOHIi, CMHI KBITW 1 HaBiTb 3efIeHi POC/IVHN XOBTilOTb», «AHI Nyru, aHi
KNCIIOTU BXE He BiAHOBJIOIOTb MepBICHOro 3abapBneHHA KBITiB i nucTa». AKi
BNacTMBOCTI xnopy onucas LLeene?

MiHi-npoekTn

232.Y pofatkoBMX AXKepenax 3HangiTb iHpopmauilo Wwogo cnocobiB 3He3apaKkeH-
HA NUTHOI BOAW 6e3 BUKOPUCTAHHA Xnopy Ta cnonyk Xnopy. MopiBHANTe ix
i3 xJIopyBaHHAM BoAu. Bn3HauTe nepeBarn Ta HeJONIKM LMX METOAIB.

233. locnigite BNacTMBOCTI OyAb-AKOro KOMEPLiIHO AOCTYMHOro XfI0POBMICHOMO
nobyToBoro 3acoby ans BUbINOBaHHA.
LoTpumynTteca npasun 6e3neku:
* NpautoBaTy HeO6XiAHO 06OB'AZKOBO B N'YMOBUX PyKaBUUKaX;
* y pa3i noTpannaHHA 3acoby Ha LWKipy HEOOXifHO HeralHoO 3MUTY PEeYOBUHY
nig cTpymeHem BoAw;
 YHVKaNTe NOTPannAHHA 3acoby Ha mMeTaneBi MoBePXHi.
MpuroTyiTe po3unH BMGINOBaYa 3rigHO 3 pekoMeHZauiaMy B iHCTPYKUIT Ao
Lboro 3acoby. Bunpobyiite fito NPUroTOBaHOro po3unHy (KIMHATHOT Temnepa-
TYpV Ta TEMNOro) Ha KOJIbOPOBMX TKAHUHAX, KONIbOPOBOMY Marnepi, NefcTkax
KBiTOK. Ha HeBenmKkmx apkyLuax 6inoro nanepy 3pobitb HanUcu KonbopoBUMM
pyukamu, onisuamu 1 pnomactepamu pisHux Tnis. MepesipTe Aito Ha HUX BU-
6intotoyoro 3acoby. Micna nepebyBaHHA BCiX NpeameTiB y BUGiNolYOMYy po3-
UYMHi peTenbHO NpomunTe iX Mig cTpymeHem Boaw. NOACHITb CBOI cnocTepe-
MKEeHHA.



§ 17. TipporeH xnopup. XnopmngHa Kucnorta

Mpwuraganite:

+ peakuii 0bmiHy BigbyBaloTbCA, AKIO B peakLil yTBOPIOETbCA BOAA, rasyBaTta abo He-
PO3UYMHHaA PEYOBUHa;

+ aMbOTEPHUMUN HA3MBAOTb PEUYOBUHU, WO BUABNATb AK KWUCIOTHI, Tak i OCHOBHI
B/IACTMBOCTI, O AKX HanexaTb oKcuau Ta rigpokcuan LInHKy, AntomiHito ToLo.

Di3nyHi BNacTUBOCTI rigporeH xaopuay i XNopuaHOI KNCNOTH

Tigporen xjgopuna, abo XJIOPOBOIEHB:
- 0e3b0apBHUII Ta3 i3 PisKUM HEIPUEMHUM 3aIllaXoM, BasKUuil 3a MOBiTPA;
* b, F 853003, t,, = —114°C;
« OTPYMHUI, 1Oro BAUXAHHS CIPUUYNHSAE KallleJb, 3aAyXy, 3alaJeHHs
IUXAJbHUX IIIAXiB. ¥ pasi KOHTaKTy 31 CIM30BOI0 OOOJIOHKOIO OUel
MOJKe COPUWUYMHUTH XiMiuHi Omiku;
« OIVH i3 HAMOIIBINI PO3SUYMHHUX y BOIL rasiB: 3a KiMHATHOI TeMIepaTypu
B 1 00’emi Bogu posumHsAeTbCA 0Ju3bK0 450 006’eMiB XJIOPOBOIHIO;
* B3BAEMOJIiIOUN 3 BOAAHOIO IIApPOI0, XJOPOBOJEHL YTBOPIOE TyMaH.
SKI0 TOBCTOCTiIHHY K0JIOY HAIIOBHUTHU TiAPOreH XJOPHUAOM i 3’emHaTu il
3 BOJIOI0, TO AK TiJIbKU B KOJOY IIOTPAILJISIOTH IIePIIi KPalljii Boau, BOHU II0-
TJIMHAIOTH XJOPOBOIEHB, 1 BOJla i3 CUJIO0 BpUBAaEThCA Becepenuuy (masnt. 17.1).
fAxmro sasmaserigs gomaTu y BOAY JaKMYC, TO IIiCJSA HOTPAILIAHHS B KOJOY
BiH cTa€ 4epBOHUM.

Pos3uuH rizporeH xXJopuay y BOIi Ha3WBAIOTH XJOPUIHOI KHCJIOTOIO.

MacoBa uyacTKa TigporeH XJOPHUAY B HACHUYEHOMY 3a KiMHATHOI TeMm-
meparypu po3umnHi cranoBuTh 0am3pko 40 % . IIpomumciioBi mimmpumemcrsa
BUIIYCKAIOTh IIePEeBAKHO KOHIIEHTPOBAHUI PO3UMH, ¥ AKOMY MacoBa UYacTKa
HCI cranoButh 37 %.

HCl

H,O _ Woran Pygonb¢ May6ep

(1604-1670)
M Bigomuin HimeLbKuiA anximik
i nikap. Ynepuwe pgo6ys
Man. 17.1. Po3urHeHHA XJIOPOBOAHIO y BOfi XNOPUAHY KUCNIOoTYy




§ 17. TipporeH xnopua. XnopugHa Kucnota

KonnenTpoBana xJiopuaHa KHCIOTa 3a3Buuail OesbapBHA pigmHa, aje
iHOmi MicTHUTBH HOMIIIIKM, SAKi HAJZAIOThL ifi KOBTYBATOTO 3a0apBJIEeHHI.

XyopugHa KMCJIOTA MA€E 3amax TipOTeH XJOPUIY, a Ha BOJOTOMY MOBiTpi
CHUJIbHO OUMHUTh — YAaCTKOBO BTPAYa€ XJIOPOBOAEHbD.

XiMiyHi BNacTMBOCTI rigporeH xaopuay i XNIopugHoI KUCoTn

1. EnxexTpoiiTuuHa mucomiamida. XJopuaHa KUCJI0Ta — CHJIbHA KHCJIOTa
i y BOAHUX PO3UYMHAX ICHYE y BUIJIAAI HOHIB:

HClz= H' +CI°

ITeit mporiec 3yMOBJIIOE Te, IO XJOPUAHA KUCJIOTa 3MiHIOE 3a0apBIeHHSA
iHAWMKATOPiB Ta BUABJIAE BCi 3arajbHi BJIACTUBOCTI KUCJIOT.

2. Bzaemogia 3 akTuBHHMH MerajamMu. Meraau, IO po3TAIIOBaHi
B PANY aKTUBHOCTI MiX HaATpieM Ta CBUHIIEM, BUTICHAIOTHL BOJEHBL i3 XJIO-
PUOHOI KUCJIOTU:
2HC] + Mg = MgCl, + H,T
2H* + Mg® = Mg?* + H,T
SAK BUAHO 3 MOHHO-MOJIEKYJSAPHOTO PIBHAHHS, y IIifi peakiii aHioHm
KHCJIOTHUX 3aJUIIKIB (opMaabHO yuacTi He 0epyTh.
CBuHellb, xoua BiH i akTHUBHIIINII 3a BOAEHb, HE B3a€EMOJMI€ 3 XJIOPUI-
HOIO KHCJOTOIO, OCKIJIBKHU I Yac KOHTAKTY 3 HEl0 IIOKPUBAETHCA ILIiBKOIO
HEPO3UMHHOI0 XJIOPUAY, IO IIEPEeIIKOIKae peakIrii.

3. Bsaemogis 3 peuoBMHAMH, N[0 BUSBJISAIOTH OCHOBHI BJIACTHUBOCTI.
Kucioru € XxiMivHUMM TPOTUJIEKHOCTAMU OCHOB, TOMY XJOPHUAHA KUCJIOTA
pearye 3 ycima peyoBMHaMU, III0 BUABJSIOTH OCHOBHI BJIACTHUBOCTI:

* 3 ocaoBamMu okcugamu: 2HCl + CuO = CuCl, + H,0;

* 3 amorepanmu oxcupamu: Al,O;, + 6HCI = 2AICl; + 3H,0;

+ iz myramm: HCl + KOH = KCIl + H,0;

* 3 amoreprumu rizpoxkcugamu: Zn(OH), + 2HCI = ZnCl, + 2H,0;

* i3 meposumaHUME ocHoBamm: Fe(OH), + 2HCI = FeCl, + 2H,0.

B ycix mux pearImifgx yTBOPIOETHCA BOJAA, IO € ONJHUM i3 KPHUTEPiiB
MOJKJIMBOCTI Iepebiry peakiiiii oOMiny.

4. Bsaemogia i3 comamu. XJopuaHa KHCJIOTA B3a€MOLI€ i3 coaAMU,
AKIIO B pe3yJabTaTi peakIlii yTBOPIOETLCA rasdyBaTa pPeuOBUHA:
2HCI + Na,CO, = 2NaCl + CO,T + H,0
2HCl + FeS = FeCl, + H,ST
a00 Hepo3UYMHHA y BOJi pPeUYOBWHA:
HCI + AgNO, = AgCll + HNO,
2HC] + Pb(CH,C00), = PbCl,| + 2CH,COOH



3acTocyBaHHA rigporeH xnopugy
i XnopuaHoI KNCNOTn

TigporeH xJjopup Ta XJOPUIHA KUCJIOTA — AYiKe BaiK-
JIMBi IIPOMMCJIOBI PEUOBUHU IJIA OPTraHiUYHOrO Ta Heop-
TaHiYHOTO CUHTE3Y.

Tigporen xJopuJ BUKODPUCTOBYIOTH [Js OAepPKaHHSA
XJIOPOMOXiAHUX OPraHiuHWUX pPedyoBWH. 13 BiHijameru-
JIeHy Ta TiZpOTeH XJIOPUAY ONePIKYIOTh XJIOPOIIPEH,
110 € MOHOMEDPOM JIJIA BUPOOHUIITBA XJIOPOIPEHOBOTO
KayuyKy. BijgbIly 4acTHMHY TiporeH XJIOPUAY BUTpa-
YalOTh Ha BUPOOHUI[TBO XJIOPUIHOI KUCJIOTH.

XJIOpUAHY KHUCJIOTY BUKOPUCTOBYIOTH IJIA TPaBJIEHHSA
cTaji — ouulleHHA II MOBEepPXHi Bif 3aJUINKIB ipixi.
Ilicia mboro meranu MOMKHA IIAATH Ta HAHOCUTH Ha
IXHIO ITOBEPXHIO 3aXMCHE MOKPUTTA 3 TOHKOTO IIapy
immux metaniB. IIlo6 xjgopuaHa KucjoTa He peary-
Bajla 3 MerajaMu, A0 Hei gomaroTh iHribiTopu. Takry
KHCJIOTY MOJKHA 30epirartm i mepeBO3SUTH B CTAJI€BUX
IMUCTEepPHAaX.

Hy:xxe posbasmena (0,2—-0,5%) xjgopumHa KucIoTa
MiCTHUTBCA B ILIYHKOBOMY COKY i CIIpUs€ TpaBJIeH-
HI0. XJIOPHUAHA KHUCJIOTA CTBOPIOE V IJIYHKY KHCJIOT-
He cepemoBuiie (pH = 1-3), 1m0 cupuuymHsae 3aru-
6eJib XBOPOOOTBOPHUX OaKTepiii. Y pasi HemocTaTHLOI
KHCJIOTHOCTI HIJIYHKOBOTO COKY JiKapi mpus3HadyamTb
0,1% -By XJIOPUIHY KHCJIOTY.

T'eosioT BUKOPUCTOBYIOTH XJOPUAHY KUCJIOTY IJIS BU-
SABJEHHA KapOOHATHUX IOPix i MimepasiB, HATTpUKJIaTL
MapMypy, 3aBAAKU BULIJIEHHIO BYTJIEKKUCJIOr0 Tady IIifg
yac B3AaEMOil XJIOPUAHOI KMCJIOTH 3 KapboHaTaMu.

XJIOPUIHOIO KUCJIOTOI0 OUMINAIOTH KOTJIU Ta TPYOU KO-
TeJIbHUX BiJ KapOboHATHOTO HAaKUIy. TaKoK XJIOPUITHY
KHCJIOTY BUKOPUCTOBYIOTH [AJISI OYHUINEHHS OYPOBOTO
obamHaHHsA, AKe 3a0pYIHIOETHCSA KapOOHATHUMU IIO-
poramMu B mpoilieci OypiHHSA CBEpIJIOBMH.

Benuki o6caru XJOpUAHOI KUCJIOTA BUTPAYAIOTDH IJIS
oJlep:KaHHA Ii cojleil — XJIOPUIiB, AKi TaKOMK IITHUPOKO
3aCTOCOBYIOTh. 30KpeMa, aasa mobyBaHHa Turau(IV)
xnopunay TiCl,, ogHOro 3 KOMIOHEHTIB KaTasisaTopa
IMurnepa—HarTa, 6€3 AKOro CbOTOIHI HEMOKJIUBE BU-
POGHUIITBO PiBHOMAHITHUX ITOJiMepiB.




§ 17. TipporeH xnopua. XnopugHa Kucnota

KniouoBa iges

XnopupHa KucnoTta — OAHa 3 HalBaXKNMBILIMX KMCNOT y Pi3HMX ranysax Ta € bara-
TOTOHHAXXHVM NPOJYKTOM XiMiUHOI MPOMUCIIOBOCTI.

KoHTponbHi 3anuTaHHA

234.Yum Bigpi3HAETbCA rigporeH XNopug Bif XNOpUAHOI KNCnoTn?
235, CxapakTtepusyiTte $i3nMyHi BNacTUBOCTI rigporeH xnopuay Ta XJ0pUAHOT KNC-
JI0TW.

3aBAaHHA AnA 3aCBOEHHA MaTepiany

236. AKi BiAMIHHOCTI fii Ha ip»KaBUIN LBAX YNCTOI XNOPUAHOI KNCIOTU 1 XNOPUAHOT
KMCNOTK, WO MICTUTDb iHriGiTop? HanvwiTb piBHAHHA peakLiil.

237. Ak foBecTw, WO y cKnafi xnopuaHoi Kncnotu mictatbea ligporeH i Xnop? Bia-
noBiab NigTBEpAbTE PIBHAHHAMU peakLii.

238. Ky BNacTMBIiCTb XJIOPUAHOT KACNOTU BUKOPUCTOBYIOTb ANA TPaBNeHHA cTani?

239. AKi KpuCTaniyHi rpaTkn xapakTepHi ANA TBEpPAOro rigporeH xnopugy?

240.HaBeiTb PiBHAHHA peakui, WO XapaKTepm3ylTb XiMiUHi BNacTUBOCTI Xno-
PVAHOT KNCNOTN.

241. 13 nepeniky pPeYoOBMH BUNULWITb Ti, 3 AKUMMN B3AEMOAIE XNOPUAHA KMUCOTa.
Cknagitb MosieKyNApPHi Ta NOHHO-MONEKYNAPHI PIBHAHHA peakLil.
Ca(OH),, Zn, CO,, Fe,0,, Hg, Cl,, K,CO,, NaNO,, Pb(NO,),, Al(OH);, Cu(OH),,
H,SiO,, FeCO;, MgSO,, Al.

242, Cknapitb ABa MONEKYNAPHI PiIBHAHHA peakLil, Wo BianoBsigaTb NOHHO-MoNe-
KynspHoMmy piBHaHHIO: Agt + ClI- = AgCI..

243, Cknapitb PiBHAHHA peakuin gnA 34iMCHEHHA NepeTBOPEHb 3a CXeMaMu:
a) Cl, — HCl — KCI — AgCl;
6) CuCl, — BaCl, — KCl — PbCl,.

KomnnekcHi 3aBgaHHA

244, 064ncniTb BIGHOCHY FYCTUHY FiAPOreH xaopuay 3a noBiTpsam.

245.TlocyauHy neBHoro o6'emMy 3amOBHWAM FigpoOreH Xnopuaom Ta 3'egHanu ii
3 NOCYAVHOM, Yy AKY Hanunu Bogy. Boaa noBHicTio 3anoBHMNa nocyguHy. O6-
YNCNITb MAaCoOBY YaCTKy XNOPUAHOI KMCNOTW B NOCYAVHI. MonapHuin 06'em rasy
3a YMOB [oChify [OPIBHIOE 24 n/MOnb.

246.064McNiTb Macy XNOPUAHOI KMCIOTW 3 MacoBOK YaCTKOK XJIOPOBOAHIO
36,5 %, AKY MOXHa OfiepKaTu, BUKOPUCTOBYIOUM XSlop ob'emom 44,8 M3 (H. v.).

247. 3a neBHNX YMOB BiJHOCHWUI BUXif NPOAYKTY peakLii CMHTe3y rifgporeH xnopu-
[y 3 NPOCTUX PEYOBUH Bifi TEOPETUYHO MOXKIIMBOIO CTaHOBUTL 95 %. O6unc-
NiTb Macy rigporeH xnopuay, AKy MoxHa fobyTun 3 xnopy macoto 106,5 Kr 3a
LMX YMOB.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIro MUC/IEHHA

248.Yomy rigporeH xsopua He MOXKIMBO Ofep»KaTh B3aEMOLIEID PO3UMHY KYXOH-
HOI coni 3 po36aBneHo CynbdaTHO KUCIOTO?
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249, 3a NigBULLEHOrO TUCKY FiAPOreH XNopua CKParJIleTbCA B PiAUHY, WO He Npo-
BOAWTb €NeKTPUYHMI CTPYM. YoMy eneKTpuyHi BNacTMBOCTI CKPanieHoro rig-
poreH xnopuay Ta XJA0pPUAHOI KUCNOTN BiApi3HAIOTbCA?

250. Yy MOXKHa 36UpaTU TigpPoreH xsopug cnocobom BUTUCHEHHA BOAM, NOAIOHO

[0 KNCHI0? BignoBiab noAcHiTb.

MiHi-npoeKkTtn

251. OnuwiTb BMKOPUCTaHHA 06pasiB uYymakiB Ta AiANbHICTb Wo#o [OOYBaHHSA,
TPAHCMOPTYBAHHA 1 BUKOPUCTAHHA KYXOHHOI COJli B XYAOXHiX TBOpax.

§ 18. Po3B’A3aHHA 3ajay 3a PiBHAHHAMUN peaKLUiin, AKWO
OAVIH i3 peareHTiB y3TO B HapgNULIKY

Ilig wac xiMmiuHMX B3aeMOIill pedo-
BUHU BUTPAYAIOTHCSA TiJIBKM B CTEXio-
METPUUYHUX CHiBBiHOIIEHHAX, TOOTO
B THUX CIHIiBBiIHOIIIEHHAX, Y AKUX BOHU
3a3HaveHi B PiBHAHHI XiMiuHOI peakIiii.
K110 omHOro 3 peareHTiB B3ATO OijbIle,
TO BiH HAABHUI y HAAJUIIKY i IIig udac

Slkmro B ymMoOBi 3amaui maHO
KinbkicHi mawmi mpo mBa pea-
reHTU, HeoOXimHO mepeBipuTu,
AKUHN 13 peareHTiB y3dATO

B HAJAJUIIKY.

s BusHauUeHHs HeoOXimHO
TIOPiBHATY BiJHOIIEHHA KiJIBKOC-

Ti peuoBuHU peareHTiB A Ta B
o iXHIX cTexXioMeTpuUYHUX

peakiIrii BUTpaTUThCs He moBHicTIO. Kinb-
kicHi maHi mpo mei#l peareHT He MOKHA HE O Y
BUKOPHUCTOBYBATH IIifi Yac PO3PaxyHKiB RpedinierTis ¢ i b
3a XiMiYHUM PiBHAHHAM, OCKIJIBKU B pe- LA)< 260 > n®)
aKI[il0 BCTYIIA€ TiJbKMW IIeBHA dYacTUHA a b
1Iporo peareHty. ToMmy Iepex pospaxyH- . II.JIH 00unCIeHHA 3a XiMiuHIMET
KaMH 3a PiBHAHHSAM peakilil HeoOXimHO PIBHAHHAME IOTPiGHO BHKO-
BUBHAUUTH, AKUH i3 peareHTiB IIOJa€Th- PUCTOBYBATI KIIBKICHL AaHl
. . PO PEareHT, AKUN y3ATO

cAd B HANJIUIIKY, a AKUN — y HecTaui. B HecTAUI

Takuit Tun 3amay (YacTo ix HasmBa-
IOTh «3aJladi Ha HAAJUIIOK Ta HECTAUY»)
IOCHUTH IIPOCTO BUSBUTH: B YMOBI 3a3HAUEHO Macy, KLJIbKicTh peuoBMHU ab0
00’eM nasa 000X peareHTiB, XOouya 3a3BUYAll [JIsi PO3PAxXyHKIB 3a XiMiuHHUM
PiBHAHHAM JOCTATHLO 3HATH BiIOMOCTIi JiMIlle TIPO OOWH peareHT.

Hs Toro 11100 BUBHAUYUTU, AKUI i3 peareHTiB y3ATO B HAAJIUIIKY, MOKHA
CKOPHUCTATHUCSA IIPOCTUM IIPAaBUJIOM. SIK BaM BiioMO, BifHOIIEHHA KiJBKOCTi
PEYOBUHU peareHTiB M0 iXHIX cTexioMeTpUYHUX Koe(iIlieHTiB JOPiBHIOIOTH
OZTHE OJTHOMY.

Omxe, aaa peakiii: aA + bB — ¢C
n(A) _ n®B) n(C)

CIIPABeAJINBUM € CIIiBBiIHOIIIEHHS
a b c




§ 18. Po3B'A3aHHA 3afay 3a PIBHAHHAMU peakLiil, AKWO OAMWH i3 peareHTiB Y3ATO B HaAINLIKY

SAxmio peuoBuHa B HasiBHA B HAAJHUINKY IIOA0 PEYOBUHU A, TO:
n(A n(B
(A) _n(B)
a b

Omxe, 11100 BUSHAUUTH, IKUH i3 peareHTiB y3ATO B HAIJIUIIKY, HEOOXiTHO

00UYMCJNUTH KiJBbKiCTh peuyoBHMHM 000X peareHTiB i posminmTu iX Ha crexio-
MeTpuUHi KoedimieHTn 3 piBHAHHA peakiii. [[nsa peareHTy, 110 HAABHUN
Y HaIJINIIKY, 1€ BigHOIIeHHA Oyae OlILIIHM.

3amaua 1. [Tuak Macoo 32,5 r IOMicTUIN B XJOPUAHY KHUCJIOTY, V AKil

maca HCI mopiBaioe 109,5 r. Busuaure 06’em BogHIO (H. V.), 110 BULIIUTHCS

mifg

yac peakririi.

Posé’as3anns:
Busuaunmo, siKa 3 peUOBUH Y HAMJIUIIKY. /s I[bOr0 CIIOYATKY OGUNCINMO Kijlb-
KiCcTh PEUYOBUHU KOMKHOTO PEareHTy:

n(Zn) = mZn) 3251 _ 0,5 mosb, n(HCI) =
M(Zn) 65r/mMonb

m(HCl) 109,51

= =3 MoJIb
M(HCl) 36,5r/moub

3anuIireMo piBHAHHS peakirii:
Zn + 2HCl = ZnCl, + H,T
n(Zn) _ n(HCI)

s Hp0ro Mae 6yTU MPABUJIBHUM CHiBBiTHOIIIEHHS: 5

0,5 mosb < 3 MO

1 2
PoOuMO BHCHOBOK, II[0 XJIOPUAHY KUCJIOTY B3ATO B HAMJIUIIKY, i BOHA B3BAEMOJI€
He nmoBHicTIO. ToMy i1 KiJbKiCTh PEUOBMHU HE MOKHA BUKOPHUCTOBYBATH AJs 00-
YUCJIEHb.
Busnauaemo 06’eM BOAHIO, III0 YTBOPIOETHCA Iif yac B3aemoaii 0,5 Moab IIUHKY
i3 XJIOPUIHOIO KUCJIOTOIO.
3a piBHAHHAM peakuii: n(Zn) = n(H,), oTaxe, BOAHIO BUALIAETECA TaKOXK 0,5 MOJIE.
Toni V(H,) = n(H,) -V, = 0,5 moxb * 22,4 monp/a = 11,2 1.

VY Hamromy BUIAAKY OTPUMYEMO HEPIiBHICTH:

Bionosids: Buginursea 11,2 1 BogHIO.

3amaua 2. 3mimragm ABa PO3UMHN 3 OJHAKOBUMUI MACAMM: XJIOPHUIHY

KHCJIOTY Ta PO3YUH KaJill TIAPOKCULY, ¥ AKUX MACOBi YacTKU 000X peareHTiB
TaKOyK OJHaKoBi. BusHaurte, sike cepegoBuilie (KMUCJIOTHE UM JyKHeE) Oyme
B PO3UYMHI Micasa 3JIMBAaHHA JBOX PeaKTUBIiB.

Po3sé’sa3anna:
KuciorHicTh cepenoBuina BU3HAYAIOTh 34 HASIBHICTIO B PO3UMHI KUCIOTHA
yu ayry. OCKiJIbKY XJOpUIHA KUCI0Ta HeNTpasIisye Jyr y peakiiii:

HCl + KOH = KCl + H,0

TO B YTBOPEHOMY PO3UYMHI KUCJIOTHICTh BUBHAUATUMETHCSA TUM PeareHToM, 1110 OB
Y HaIJIUIIKY.
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Macu po3unHiB Ta MacoBi YaCTKM PEUOBUH Y HUX OJHAKOBI, OT:Ke, I Macu KMCJIOTU
Ta JIYT'y OJHAKOBi, MO3HAYMMO iX AK X I'. BuUdHAaUMMO, AKa 3 PEUOBUH Y HAJIUIIIKY

n(HC1) = m(HCl) = xr =¥ moms
M@HCl) 36,5r/mons 36,5
n(KOH) = m(KOH) = xr =~ woms

M(KOH) 56r/moar 56

3a piBHAHHAM peakIlil XJopuaHa KUCJI0Ta Ta KaIiil ripoKCcu] B3aEMOAiIOTh B O/~
HAKOBUX KiJIBKOCTAX, TOK Ma€ OyTU PiBHICTD:

n(HCl) n(KOH) X MOJIb _ X MOJIb
= , aJle B HallIOMy BUNIAAKy MaeMO: >—
1 1 36,5 59

Po6uMo BHUCHOBOK, II[0 KUCJOTY OYJIO B3STO B HAAJNUIIKY, OT?KEe, B YTBOPEHOMY
posuunHi Oy/ie KUCIOTHE CePeJOBUIIIE.

Bionoeidv: KUCIOTHE CEPEIOBUIIIE.

~
o

KniouoBa igen

PeuoBunHM BCTynatoTb y XiMiUHi B3aEMOAiT nvLe B CTeXiOMeTPUUYHUX CNiBBiAHOLIEH-
HAX BiAMOBIAHO A0 PIBHAHHA peakuii. Taki cniBBiAHOWEHHA [O3BONATb BU3HAUU-
TW, AKY PEUYOBUHY B3ATO B HAAJIMLLKY, @ AKY — Y HecTaui.

KomnnekcHi 3aBgaHHA

252.1na opeprkaHHA rigporeH xjopuay 3miwanu xnop macotw 14,2 r Ta BogeHb
Macoto 6 r. O6uncniTb 06'eM ofepkaHoro rigporeH xnopuay (H. y.) i macy pe-
areHTy, WO 3anuWmnTbCA.

253. 1o umMHKy Macotwo 6,5 r goganu XnopuaHy Kucnoty macoto 150 r i3 macoBoio
yacTkoto rigporeH xnopugy 20 %. O6uncnitb 06'em BMAineHoro rasy (H. y.).

254. 1o po3umHy HaTpi xnopugy macoto 100 r i3 MacoBot yacTkow coni 2 % fo-
NUAN Po3unH apreHTyM(l) HITpaTy Takoi camoi Macy 3 MacoBOIO YaCTKOKO CONi
1 %. O6uncniTh Macy ocagy, Wo YTBOPUTLCS.

255. Kanbuin kap6oHat macoto 150 1 3anuin po3umHOM XI0PUAHOT KMCIOTH Macoto
1 Kr i3 MacoBOIO YaCTKOW KNCIOTK 5 %. O6UYnCNiTh MacoBy 4YacTKy coni B OT-
PVUMaHOMY PO3YMHI.

256. LInHK macoto 13 r cnnaBunm i3 cipkoto mMacoto 7 1. MpoayKT peakuii o6pobunn
HaZMUWKOM XNOPUAHOT Kncnotu. Obuncnitb 06'em rasy (H. y.), Wo BMAINMBCA.

257. O6uncnitb 06'em rasysatoro cynbdyp(VI) okcngy, AKNA MOXHa fOOYTH i3 Cynb-
oyp(lV) okengy o6’emom 150 n Ta KucHio o6’emom 100 1.

258.06uncniTb Macy rigporeH cynbdify, Wo yTBOPUTLCA Mif Yac B3aEMOAIT CipKn
Macoto 5,6 r i BogHio o6'emom 5,6 n (H. y.).

259. 3miwann po3unHu cynbdatHOi KUCnoTn i Gapii xnopuay macoto no 500 r.
MacoBa yacTKa KMCIOTV B NOYaTKOBOMY pPO3umHi cTaHoBUTb 10,4 %, a Gapii
xnopugy — 20,8 %. O6uUncnitb Macy YyTBOPEHOrO Ocaay.

260.[]0 po3unHy, Wwo MmictuTb 14 r cynbdaTtHOi Kucnotn, goganu Kynpym(ll) rig-
pokcma macoto 12 . O6uUncniTe Macy YTBOPEHOI COMi Ta Macy HaAMLLKOBOI
peyoBMHU, WO He Mpopearysana.



§ 19. OkcureH. KnceHb i 030H

261. O6YMCNiTb Macy amMoHiaKy, AKY MOXKHa 406y TW, BUKOPUCTOBYIOUM a30T Macoto
98 kr Ta BogeHb macoto 10 Kr.

3aBAaHHA 3 PO3BUTKY KPUTUYHOIO MUCNEHHSA
262.fK B/ BBaXa€Te, 3 AKOK METO Mif Yac NPOBeAEHHA eKCMepUMEHTIB Yy fa-

6opaTopisfx i NMPOMMUCMOBOCTI Ty UM iHWY PeyoBUHY 6epyTb Y HaAnUWKy?
Un Oyab-AKy peuyoBMHY MOXHa 6paTu B HaLAWLLKY?

§ 19. OkcureH. KnceHb i 030H
IIpuragaiiTe: 1110 TaKe aJaoTpoIrHi Mofgudikarii (3a § 15).

OkcureH

Oxcuren — exemeHT 2 nepiony, VIA rpynu. BinbHux opbiTaseil Ha apy-
rOMYy eHepreTUYHOMY PiBHiI B aTomiB OKcureHy HeMae, TOMY PO3IapyBaHHSA
eJIEKTPOHIB HeMoKJauBe, i OKcureH 3aBKAU IBOBAJCHTHUI.

EnexktpoueratuBuicts OKcureny Haibinbima micas Piayopy, ToMy BiH
3a0upae eJIeKTPOHU B aTOMiB ycix iHmmx enemenTiB. IlepeBaskHO 3abmpae
IBa eJIEKTPOHM!, TOMY HAWMIOIIUPEHINui cTymiHb oKucHeHHA OKcureny —2:

00 1522522p* + 2¢~ — 072 1522522p6
V mepokcuaax CTymiHb okucHeHHs OKcureny —1, HAIPUKJIAA y rigporen

nepokcugai H,0,. I tinbku 3 @ayopom OKCUreH yTBOPIOE CIONIYKU 3 II03U-
TUBHUM cTymeHeM okucHenus: OF,, O,F,.

AnotponHi moandikauii OkcureHy

Hatinmomupenimumu asorponauvMu Moxudikamismu OKCUTeHY € Ku-
ceab O, Tta o3om Og. YTim, yueHi BuABUIM BKpail HecTiiki mosmexyau O,,
a 2006 pory s’scyBanu, 1o 3a Tucky 10 I'lla yTBOpPHOIOTHBCA KPUCTAJIU
9YepBOHOTO KUCHIO 3 MojeKynamu Og.

Kucens:

+ 3a 3BUYANHUX YMOB ras 6e3 KOJILOPY, CMaKy
Ta 3amaxy, PiAKWA KHWCeHb — pyxoma OJri-
Io-0JIakMTHA PiAuHA, TBEPAUII — CHUHI Kpuc-
TaJIu;

« posumHHicTs y Bomi: 3a 0°C B 1 ;1 Bogu pos-
ypHAeTbea 4,9 M xucHio, 3a 20°C — 3,1 mur;
« I'ycTHMHA 3a HOpMaJbHUX ymoB 1,43 r/1;
. - o, — o,
b = 18?) C,utm.'— 21u9 C; )
+ mapaMarHiTHUI: pigKuii Ta TBepAUN KUCEHb

IPUTATYIOTHCA MarHiTOM.
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O3o0H:

+ OJIaKUTHUI ras i3 PidKUM XapaKTepPHUM «MeTa-
JIIUHUM» 3a1IaXxoM, PiTKUN 0O30H Ma€ TeMHO-CU-
Hifi KOJIip, TBepAwMN — 4YOpPHO-(PioJIeTOBUI;

+ posumHHIicTBH y Bogai: 3a 0°C B 1 1 Bogu po3un-
HsaeTbesa 49,4 miu o3ony, 3a 25°C — 45,4 mui;

« I'yCTWHA 3a HOPMaJIbHUX yMOB 2,14 1/1;

* tn=—112°C, t  =-197°C;

« BUABJAE cjabKi mapamMarHiTHi BJIACTUBOCTI.

XiMiuHi BNRacTMBOCTI KMCHIO Ta O30HY

Kucenr — ximMiuHO aKTWBHA peYOBUHA, CUJbLHUN OKMUCHHUK. 3a 3BU-
yalifHUX yMOB, 3a HarpiBaHHA Ta 3a HAsSBHOCTI KaTajisaTopa BiH B3aemoie
3 yciMa mpocTMMU peYOBMHAMU, OKPiM iHepTHuMX rasiB (cepes HemMeTaJiB)
Ta 3oJioTa (cepen merasniB). Barato peakiiiii i3 KucHeM € TOpPiHHAM, TOOTO
CYIIPOBOYKYIOTHCS IIOJIYyM M. ¥ PeakIiax i3 HeMeTajJaMH YyTBOPIOOTbHCA
HeCOJIETBOPHi ab0 KHCJIOTHI OKCUIMU:

eJI. po3pAL
4B + 30, = 2B,0, N, + 0, = 2NO

VYV peakIisgx KHUCHIO 3 MeTajlaMU YTBOPIOIOTHCS:

* neporcuan (i3 ayskammu meranavu): 2Na + O, = Na,0,;

* ocHOBHI okcuau: 2Mg + O, = 2MgO;

+ amporepHi oxkcuau: 2Zn + O, = 2ZnO.

MowwupeHicTb Ta GionoriyHe 3HauYeHHA KUCHIO

Kuceus 3’aBuBca Ha 3eMJii OJM3bKO 3 MJIPHA POKiIB TOMY BHACJiZOK IIO-
ABU mpoliecy (oTocmHTE3y B MiKpoopraHidamax B okeani (mas. 19.1). Cwo-
TOMHI KOHIIEHTpAaIlid KWCHIO B IOBiTPi HmiATpMMyeThCA Ha cTaJoOMy pPiBHI

40 CTpaToChepHIii 030H
(o30HOBUI Wap)
g 30 P
<
§ 20
52} TponocdepHuin o3oH
10
CMOroBuii 030H
0
5 10 15 20 25 30 35
Man. 19.1. [lo cboropHi 6inblicTb KUCHIO, Napuianshuit TuCKk osony, Mila
Lo yTBOPIOETLCA Ha 3emli, € NpofyKTOM Man. 19.2. YmicT 030Hy B aTmochepi
¢doToCKHTE3y B OKeaHCbKOMY iTOMNaHKTOHI Ha Pi3HUX BMCOTaxX
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(6smspro 21 % ). KucHem quxaroTh POCAUHU
1 TBapuHU, SK BOAHi, Tak i HaseMHi, i came
B IIbOMY IIOJIATAE IOTO TOJIOBHE Oiojoriume
3HAUeHHdA. YTiM, BAUXAHHS YUCTOI'O KHCHIO
MOXKe CIPUUYMHUTH OTPyeHHsA. IIpmmipom,
pauxanHga 90 % KHCHIO IIPOTAIOM TPLOX
Iib6 CIIpuuuHsAE HYAOTY, CYIOMU, ITHEBMOHIIO.

MNowmnpeHicTb 030HY

Ozo0H He6GesmeuHUI Mg KUTTA. Bin BU-
sABJISIE 3araJbHOTOKCHUYHY, KAHI[EPOTeHHY
i myrarenHy ngiro. I'paHmuHO JgOIIycTHMAa
koHunenrpaiia (I'/IK) o3ory B moBiTpi cTaHo-
BuTh 0,1 mr/m3. Aje o30H Maiixke BigcyTHil
y HHMKHIX mapax atmocdepu (maa. 19.2).

O30H B aTMoc(epi YTBOPIOETLCS IIiJ dac
rposu (y MidepHUX KinbKocTsax) (mas. 19.3, a)
ab6o 3a HaagBHOCTI oKcuaiB HiTporeHy 3 BUKuI-
IiB aBTOTPAHCIIOPTY.

Taxok 030H YTBOPIOETHCA IIif Yac pooOTH
IPUWJIaZiB, Y AKX BUKOPUCTOBYIOTH MOHi3Yy-
I0Ue BUNPOMIHIOBAHHSA, 30KpPEMa Ja3epPHUX
OPUHTEPIB Ta (POTOKOIIiIOBAIBPHUX AalaparTiB
(man. 19.3, 0). IlepebyBaTu mM0O0JM3Yy TaKUX
OpaIoUYNX NOPUIaLiB TPUBAJIUN Uac Hebes-
meuHo IJisd 370poB’a. Kpamuiti «imguxaTop»
IJ1 BUBHAUEHHA HASIBHOCTI 030HY — IIe Hic:
AK TiIBKW BU IIOYMHAETE BiguyBaTH 3arax
030HY, HEOOXiJTHO HeraiHO IPOBITPUTU TIPU-
MillleHHs.

3aCTOCyBaHHA O30HY

Biosioriuna nmis 030HY 3yMoOBJIeHa IOTO
CUJILHUMY OKHWCHUMM BJACTUBOCTAMU: BiH
OKMCHIOE 0i0JIOriuHO aKTHBHI PEYOBMHU, IO
MPUTHIUYE KUTTENIANBHICTE OaKTepiaIbHUX
kJituH. HaBiTh 32 HUBBKOTO BMiCTy B OBiTPi
030H yOmBae XBOPOOOTBOPHI MiKpoopramis-
MU, TOMY HOT'0 BUKOPHCTOBYIOTE AJIS OOPOOKM
OBOYECXOBUII, XOJIONWUJIbHUX KaMep, Ie3iH-
dermii mpumimniens y gikapaax (mana. 19.4),

Man. 19.3. O30H yTBOPIOETHCA
B MOBITPi nig yac rposu (a)
Ta nig yac po6otu npunagis (6)

Man. 19.4. KBapuoBy namny Bu-
KOPUCTOBYIOTb Ans AesiHdekuil
npumileHb. Lia namna — pxxepeno
ynbTpadionety, nig g€t Akoro
B MOBITPi YTBOPIOETbCA O30H, WO
B6MBae Gaktepii. Cnig nam'ataty,
wo ynbtpadioneToBe CBiTNO Bif L€l
namnu wkignuee gnAa oden!
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crepuirizamnii mocyny. Ha meaKumx BOJOOUYMCHUX CTAHIIAX, IIEepel II0Jadero
BOAY Y BOJOIiH, 3aMiCTh XJIOPY KpPi3h BOAY IPOIYCKAIOTh IIOTYXKHUH CTPY-
MiHb 30aradeHoro 030HOM MOBiTpsi. O30HYBaHHA BOAM HabaraTo OesmeuHiime
3a XJIOPYBaHHS, ajie 3HAUHO JOPOsKYe, TOMY IIOKM IO He AyKe MOIIHUpeHe.

O30HoBWI Wap. bionoriyHe 3HayeHHA O30HY

Kurra na 3emuai 6e3 oszomy Oyao 6 HemosxkauBuMm. O30H B aTrmocdepi
saxmuinae oiocepy 3emai Big 3ryOHOro s BCHOI'O MKUBOT'O yJiabTpadiosero-
BOro BumpoMmiHioBaHHs COHILA.

Ha Bucori 15—20 xM Tta 55—60 KM aTMochepHUil KUCeHDb IOTJINHAE Vb~
TpagdioseToBe BUIPOMiHIOBAHHA Ay:Ke HeOe3MeuHOTo AJIA JKUTTS AianasoHy,
MOJIEKYJIV KHMCHIO POBIAJAI0ThCA Ha aTOMU, I YTBOPIOIOTHCSA MOJIEKYJIN O30HY:

0, —— 20 0, + 0 - Oy
MoJeKyam 030HY TaKOMK IIOTJIMHAIOTH yJabTpadiosier i posmamaroThbCs:
0, > 0,+0

Y Takwuii cmoci® MOJIEKYJIM KMCHIO W 030HY 0e3IepepBHO IIepPeTBOPIO-
IOThbCA OJHA HA OAHY I pPasoM i3 TUM 3aXMINAIOTh JKMBi OopraHisaMu Ha IIO-
BepxHi miaaHeTHu Bing yiabTpadiosnery (man. 19.5). 3aBasgxku 1uM mpoliecam
0 TIOBepXHi 3eMJIi ToTpamisfe JUllle TaK 3BaHUN «M AKUN yabTpadioner»
y kimabkocti mech 1 % Bim Toro, 1o iige Big Conma mo 3emuri. Came uepes
«M’SIKUH» yabTpadiosieT BUHNKAE 3acMara, MOXKYTh CTATHCS COHAUYHI OITiKM,
a 3a Oy:Ke TPUBAJIOTO MepeOyBaHHA HA BiIKPUTOMY COHIII HABITH HOIIKO-
I:KeHHA MmKipu. Ytim, 3HHmIyBanabpHOoi mii Bim me mae. Illap armocdepwn,
Y AKOMY BiZl0yBa€eThCA YTBOPEHHS 030HY B PO3TJISHYTHUI CIIOCci0, HA3WBAIOTH
030HO6UM ULAPOM.

>\ §
)

Ynbtpadionetose

BUMPOMIiHIOBaHHA

Man. 19.6. O30HOBa fipa Hag AHTAPKTUAOK
(CMHIM NO3HaYeHO AINAHKY 3i 3MeHLIeHUM
ymictom 030Hy). fi poamip Ta BMIicT 030HY
KONMBAIOTbCA 3aeXHO Bif MOPU POKY: Bif
NOBHOI BiACYTHOCTi A0 AOBOAI KPUTUYHUX
Man. 19.5. O30HoBUI Wwap y cTpatocdepi po3mipis. 2011 poKy BOHa «3ayenuna» nis-

3axMLLIAE KMBI OpraHiamm Ha 3emni Bif LWKig- AeHb ABcTpanii, Wo CNPUYMHUNO CYTTEBY

NNBOTO yNbTpadioneToBoro BMMNPOMIHIOBaHHSA 3MiHY Morognm — 3acyxy
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Maynb Nosed KpytueH Mapio Monina OpaHk LWepsyp
(Hap. 1933 p.) (Hap. 1943 p.) PoyneHnp, (1927-2012)
JNaypeatn HobeniBcbkoi npemii 1995 p. 3a poboTn 3 atmochepHoi Ximii, ocobnmeo
B YaCTVHI MPOLIeCiB YTBOPEHHA Ta pyHYyBaHHA 030HOBOIO LIapy

IIpupoany piBHOBary KuCeHb—O030H JIETKO 3pyHHYyBaTu. Uepes JIOACBKY
IiAnbpHICTH y mOBiTPA moTpamiaaoTsk HiTporeH(Il) okcun, dharyopoxiaopodpeoru
Ta (ayopobpomModpeornu (iX BUKOPUCTOBYIOTH y XOJOAWUJIBHUKAX i KOHIU-
miouepax). I[i peuoBMHU IIigAHIMAIOTHCS Ha BHCOTY 030HOBOTO IIapy, A€ IMPU-
CKOPIOIOTHL PYHHYBAHHSA 030HY Ta BHOOBiJIBHIOIOTH MOT0 YTBOPEHHS. ¥ HACTIOK
IIBOTO MOJKEe 3MEHIIIUTHCA BMICT O30HY B 030HOBOMY IIIapi, IO HETaTUBHO
BILIMHE HA 3aXMCT 3eMJi Bim HebOesmeuHoro yabTpadiosery.

Hinaarky atmochepu, v AKill KOHIIEHTpAI[id 030HY MEHIIa 3a HOPMAaJbHY,
Ha3WBAaIOTh 030H08010 Jipoio. BesmKka 030HOBa [lipa yTBOPIOETHCA B CEPIIHi-Be-
pecHi Hazg IliBgerHum mosrfocom (Man. 19.6), ane Taxi gipu MOKYTh 3’ IBUTHCS
i mag iHmwmMu gingakamu 3emiai. 1989 poxky HaOyB UMHHOCTI TaK 3BaHU
«MoHpeaIbCbKUI IIPOTOKOJ», Hmignmucammii ycima Kpaimamu-uwiemamu OOH.
3rigHo 3 UM IIPOTOKOJIOM, KPaiHM MAalOTh 3a IIeBHUI Iepios BiAMOBUTHCS Bi
BUPOOHUIITBA PEYOBUH, IO TOIITKOKYIOTh O30HOBUU IIap. 3aBAAKU I[bOMY
chorofHi X BUPOOHUIITBO TOpPiBHAHO 3 1989 pokom sHM3MJIOCS BABiui. Aue
MIKiIJIUBI 1JIsT 0B0HOBOTO IIApy PEYOBHHU MOBOJII CTIiKi ¥ MOMKYTH iCHyBaTu
B arMocdepi fecATKU POKiB. 3a IPOrHO3aMM BUEHUX, yV Pasi IMOBHOT'O BUKO-
HaHHS BUMOT MOHpPeaJbChKOT0 ITPOTOKOJTY O30HOBI Aipy 3HUKHYTDH IIPUOJIN3HO
uepes 40 poxkis.

TZ KniouoBa iges

*-?
OKcureH yTBOpPIOE ABi Ay»e Ba/IMBi AN1A BCbOroO »KMBOrO anoTpOonHi Mogudikawii.

O KOHTpONbHi 3annTaHHA

263. NopiBHANTe di3nMyHi Ta XiMiyHi BNacTMBOCTI KNCHIO 1 030HY. HaBepitb Bigno-
BiOHI npuKknagwn.

264.Y pe3ynbTaTi AKNX NPOLECiB MOXKe yTBOPIOBATNCA 030H?

265. LLlo Take 030HOBUWI LWap i AKe 3HAYEHHA BiH Ma€ AnA XUTTA Ha 3emni?
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3aBAaHHA ANA 3aCBOEHHA MaTepiany

== 266.3 ornAgy Ha 6ynosy monekyn O, Ta O, NOACHITb BIAMIHHOCTI B PO3YMHHOCTI

KWCHIO Ta O30HY Yy BOfi.

267. Binomo, Lo MaKcMManbHUIN YMICT KUCHIO CMOCTEPIraETbCA B HYPKHIX LWapax aTMo-
chepn. Y Mipy BiifaneHHA Big NOBEPXHi 3eMi 10ro BMICT 3MEHLLYETbCA, a Y BEPX-
HiX Wapax aTMmocdepmn KMCeHb NPAKTUYHO BiACYTHIM. YM Lie MOXHa noACHUTA?

268. O30H BaXKuuii 3a KNCEHDb, afne B aTMochepi 030H nepebyBae Ha GinbLuiil BUCOTI
3a KnceHb. Ha Bally AyMKY, UMM Lie MOXHa MOACHUTA?

269. K BM BBa)KAETE, YOMY MiABULLEHHA BMICTY O30HY B HUXKHIX LWapax atmocdepu
(Tponocdepi) € ayxe Hebe3neyHUM ANA NIOLCHKOrO OPraHi3aMy, a y BepxHix
wapax atMmocdepu (cTpatocdepi), HaBNAKN, MAE NO3UTMBHE 3HAUYEHHA?

KomnnekcHi 3aBgaHHA

270. O6UMCNiTb MacoBY YaCTKy KUCHIO Ta 030HY B iX HACMUEHUX PO3UMHaX 3a H. Y.

271. O64MCNiTb TYCTUHY O30HY Ta MOBITPA 3@ HOPManbHKX YMOB. [lopiBHANTE Tyc-
TUHY KWUCHIO Ta 030HY 3 MYCTMHOO MOBITPA.

272.KuceHb o6'emom 4,368 1 (H. y.) nponycTunm yepes o3oHatop. Obuncnite macy
[OOYTOro 030HY, AKWO BiZHOCHMI BUXiA NMPOAYKTY peakuil Bifi TeOpeTUyHo
MOXINBOroO cTaHoBUTb 35 %.

273. MarHiin macoto 6 r nomicTian B Konby o6’'emom 10 1, nicna 4yoro Konby 3anos-
HUAN YNCTUM KUCHEM. YMICT Konbu npoxapunun. O6umncnite Macy yTBOPEHOro
oKcuay 3a YMOBUY, WO KONOy 3anoBHIOBaIN KUCHEM 338 HOPMasbHUX YMOB.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIO MUC/NIE€HHA

274. fik BV BBaXa€Te, UM MOXKHa BURINUTA YANCTUIA KNCEHb i3 NOBITPA AI€I0 MarHiTy,
AKLLO iHWI ra3u MoBiTPA He B3aEMOZIOTb i3 MarHiTHUM nonem?

275. YaBiTb, WO Nepes Bamu ABi OfHAKOBI 3aKpUTi Konbu, HanmoBHEHi 3a OfHAKO-
BUX YMOB O30HOM i KMCHEM. fIK MOXHa BU3HauWTW, y AKil i3 Konb micTutbCA
KnceHb? Yn MOXHa Le Ai3HaTuCsA, He BigKpMBaloun Konbm?

276. KoxxHa monekyna remornobiHy Hb mictute mo uyotupu noHn Qepymy(2+)
i B cepegHboMy NpueHye Nno Tpu Mmornekynu KucHio: Hb(sogH.) + 30,(r) &2
(:>Hb(02)3(BO,E|H.). BrkopurcToBytouM MOHATTA MPO XiMiyHy piBHOBary, obroso-
PiTb BUHMKHEHHS TiPCbKOi XBOPOOU.

277. MNOACHITb YyNAMB Pi3HUX PEYOBUH, WO CTaHOBMATb 3arpo3y AnA O30HOBOro
Lapy, BUKOPUCTOBYIOUN MOHATTA NPO XiMiYHY piBHOBary.

278. B ogHomy 3 pxepen Oyno HamvcaHo, Wo okcuan HitTporeHy cnpuumnHaAoTb
PyViHYBaHHA 030HOBOTO Wapy BHacNifok peakuii 2NO + O; = N,O + 20,. Yn €
us iHdopmauia goctosipHoto? Bignosigb obrpyHTyiTe.

MiHi-npoeKkTn

279. CxapaKTepusynte cnocié ofep>kaHHA YNCTOrO KUCHIO Ta CKPanieHHA KNCHIO
3a ¢aHTacTMyHMM pomaHom O. bensesa «lponaseLb noBiTpsa» abo 3a ogHo-
NMEHHOI MOro ekpaHisaui€t. Bucnosite ¢BO AyMKY WOA[O BiAMOBIAHOCTI
OMMCaHWX NOAIN CyYaCHUM HAaYKOBUM YABJIEHHAM.
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280.Y pofaTKoBUX xeperax 3HanAiTh iHGopMmalito Npo npolecy, AKi CNprUYnHA-
I0Tb YTBOPEHHA ab0 PyiHYBAaHHS 030HOBOTO Wapy 3emi. Yomy icHyloua 030-
HOBa fipa yTBopuiaca came Hag AHTapKTuAo? Y MOXyTb Taki Aipy icHyBaTu
B iHWWUX Micuax?

§ 20. Cynbodyp. Cipka

Cynboyp
Cyabppyp — enemeHnT 3 mepiomy VIA rpynu. BiH € eleKTpoHHUM aHa-
agorom Oxcureny:
165 3 T[] [T T T] 1522522p®35%3p*
s p d

3aBaaku nbomy Cyabdyp peastisye BajseHTHiCTH II Ta cTymeHi oKuCHEHHSA
-2 ta +2. Ane, Ha Bigminmy Bigm Okcureny, Ha 30BHIIIHROMY PiBHI aToMiB
Cynbdypy € BinbHI d-opbiTani, AKi MOKYTh OpaTu ydacThb y pO3IapyBaHHI
€JIeKTPOHHUX IIap IMif yac mepexony aroMa y 30yIKeHHil cTaH. YHAaCIiJoK
po3mapyBaHHA OOHiel eJeKTPOHHOI mapu peaji3yeTbCs UYOTUPUBAJIEHTHUNA
crad Cyapdypy i cTymiab OKHCHeHHS +4:

S s [Tt LT T 1] 1522522p63523p33d1
s P d

YHacaigox posamapyBaHHS JAPYrol eJIeKTPOHHOI Mapu peaisyeTbes
IIeCTUBAJIEHTHUN cTaH i cTyminb okucHenHsa Cynabdypy +6:

168* 3 il el L 1522522p53s13p33d?
S p d

I cTBOPEHHS OKTETY eJIEKTPOHIB Ha 30BHIITHBOMY pPiBHI aToma CyJiib-
(ypy He BucTauae ABOX €JEKTPOHIB, TOMy y cmoaykax i3 I'imporenom i me-
ragiuaumu ejementamMu Cyab@yp BUABJSIE HUMKUYUKN CTYIIiHb OKUCHEHHS —2:

SO 1522522p53s23p* + 2¢~ — S72 1522522p53523pb

ITix uac B3aemoxii 3 HmemeragaMu, €JIeKTPOHETaTHUBHICTL SKUX OilabIIIa
3a Cyappyp (Payop, Ximop, Bpom Tta OKcurex), #oro aromMm Halyacriiie
BiImaioTh YOTHUPU BAJIEHTHI €JIeKTPOHU:

SO 1522522p53523p* — 4~ — ST 1522522p63s2
VY pasi BTpaTu BCix m1ecTu BaJeHTHUX eJeKTPoHIB Cyab(yp mepexoauThb
Y MaKCUMAaJIbHUN CTYIMiHb OKUCHEeHHS +6:
SO 1522522p63s23p* — 6~ — S*6 1522522p6

CrymiHb OKMCHEHHS +2 He OyiKe IOIINPEHUN i BUABIAETLCS JIUIIE B CIIO-

aykax i3 dayopom SF,, Xmopom SCl, Ta Bpomom SBr,.
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AnotponHi moandikauii Cynbdypy

Cynb(yp yTBOPIOE TPU OCHOBHI ajoTpomHi MoaudikaIii: pomoiuHa, MOHO-
KJIIHHA Ta ILJIacTUYHA cipka. BoHU BigpisHAOTHCSA OYI0BOIO MOJIEKYJI, (DOPMOIO
KpHCTaJiB i (PISMUYHUMU BJIACTHUBOCTIMI. 3a 3BUYAWHUX YMOB HalicTaOiabHi-
1010 € poMOiLHa CipKa 3 MOJIEKyIaMu Sy, AKi HaragyoTh KOpory (mam. 20.1).
Hasga 1miei momudikarii moxoauTh Bix gopmm ii Kpucraais (manx. 20.2, a).

SArmio poM0OiuHY CipKY POSILJIABUTH TA IMOBiJIBHO OXOJIOAUTH, TO 3 PO3ILIA-
BY KPUCTAIIBYETHCA MOHOKJLIHHA cipka. BoHa TAKOK CKJIANAETHCA 3 MOJIEKYJI
Sg, ame BiJ pomOiuHOI BigpisHAETHCA (Popmoro Kpucrandis (man. 20.2, 0).

SKIimo posmiaBieHy cipky Harpitu, To B miamaszoni 160—190°C cBitio-
JKOBTA pifvHa YOpHi€, a IUKJIIUHI MOJEeKYJIU PO3PUBAIOTHCA I 00’ € JHYIOTHCS
B JIOBTi JIAHITIOTW. 3a IIBUIAKOTO OXOJIOMKEHHSA 3 TaKOT0 PO3IJIABY YTBOPIO-
€ThbCS TPETA aJoTpomHa Moamdikalia — naacmuuna cipka 3 hopMyaoio S_.
3a 3BUYaAWHUX YMOB i3 YacOM MOHOKJIiHHA Ta IJacTU4YHA Momudikallii mepe-
TBOPIOIOTHCS Ha pombOiuny cipky. Ilig yac KUIIiHHA JOBTi JIAHIIOTY ILJIACTHY-
HOI CipKH pPO3pHBAaIOThCA, i Y BUIIapax CipKa icHye y BUTJIAAL JBOXATOMHUX
MOJIEKYJT S,.

Cynabdyp yTBOpPIOE OLIBIIT Hi¥K HecATh AJOTPONHUX MoAu@ikailiii, Imo
CKJIQIal0ThCA 3 MOJIEKYJ Sy, S;, Sg, Sy, To1o. I3 Hux suire pombiuna cipka
TPAILJIAETHCA B IIPUPO/II.

Pom6iuna cipka:

* CBiTJIO-3KOBTHII MOPOIIOK abo scKpa-
BO-’KOBTi KPUCTAJU 3 MOJEKYJIAPHUMU
KPHUCTAJIiYHUMU I'DATKAMU;

* KPUXKa;

+ HeposuumHHa y Bozi (May. 20.3), po3unHs-
€ThCSA B OPraHiYHMX PO3UMHHUKAX (eTa-
HOJI, XJIOpo()opM, OEH3eH TOIIO0);

- ryctuna 2,07 r/cm3;

« t,,=112,8°C, ¢t =444,5°C;

+ crabisibHA 3a TeMiepaTypu Menre 95,4 °C.

el

=V a
Man. 20.1. Qopma monekyn cipku Sg Man. 20.2. ®opma Kpuctanis pombiuHoi (a)
Ta MOHOKJIIHHOI (6) CipKu
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MoHokIiHHA cipka:

* T€MHO-KOBTi TOJKM 3 MOJEKYJIAPHUMU
KPUCTATIYHUMHU I'PATKAMU;

* KPUXKa;

+ HEPOBUUMHHA Y BOJIi, POSUNHSIETHCS B HEIO-
JSAPHUX OPTaHIYHUX PO3UYMHHHKAX (TeK-
caH, xJiopodopM, OEH3EH TOII0);

- rycruHa 1,96 1/cM3;

« t ,=119,3°C, t_, =444,5°C;

- crabiyibHa 3a Temueparypu Buile 95,4°C,
3a MEHIIIOI TeMIIepaTypPu IIePeTBOPIOEThH-
cs Ha POMOIUHY CipKy.

IInacTuuna cipka:

+ TeMHO-KOpPHUYHEeBa ab00 TeMHO-}KOBTa
amMop()Ha PEeYOBUHA;

+ eJIaCTUYHA, I'YMOIIOHiOHA;

+ HEpPO3UYMHHA;

- rycruHa 1,92 r/cm®;

« IIJTJaBUTHCA B Jialla30Hi TeMIlepaTryp,
by, =445°C;

« HecTabijbHA, MOPOTATOM KiJIBKOX TOANH
cTae KPUXKOIO 1 TIePeTBOPIOETHCA HA POM-
Oiumy.

XiMiuHi BNacTuBOCTI CipKu

Ciprka — xiMiuHO aKTHUBHA peyOBUHA, TOBO-
Ji CUJIBHUII OKHCHUK, X0Ua BUSABJIAE i BIJHOB- iy i
Hi BiactuBocti. PisHi amorponHi moxmdikarrii %
CipKM He IysKe Bimpi3HAOTHCA 3a XiMiUHUMN g
BJIACTUBOCTAMU, TOMY B PiBHAHHAX peaKIliid f \ s
3a3BMYAll He 3a3HAYAIOTH CKJAJ MOJEKYJ cip- '
KU, a 3aluCyIOTh IIPOCTO S.

1. Peakuii 3 HemeTadaMu. 3a 3BUYANHUX

. . . =
yMOB cipka MaJyioakTuBHa. Ilif yac HarpiBaHHA
BOHA BCTYIla€ B DeaKIlil0o 3 KUCHeM i 3ropse
Jenb moMiTHUM cuHIiM moixym’am (maiu. 20.4, Man. 20.3. Xoua ryctvHa cipku
c. 106): 6inblua 3a BOAy, afne BOHa He

3MOUY€ETbCA BOLOI, TOMY MOPO-
2 LwKonopgibHa cipka He ToHe Y BOAj

S + 0, = SO
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Man. 20.4. [opiHHA Ha noBITPI
CipKuy, Wo BuAMIaca i3 »epna
ByJIKaHa pa3oMm i3 JlaBoto
(BynkaH KaBa lgxeH,
IHpOHE3IA, BUA yHOUI)

Man. 20.5. 3actocyBaHHA
Cipkn: a — pana BUpobHMLTBa
cynbdaTHOI Kucnotu; 6 —
ANA BUTOTOBNEHHA MOPOXY;
8 — [NA 3HULLEHHA CafjoBUX
WKIgHNKIB

2. Peakunii 3 meramamu. 3a IIigBUIeHOI
TeMIepaTypu cipka pearye Tako:K i3 Gararbma
MeTaJlaM¥, YTBOPIOIOUM CyJb(inm:

* i3 IysKHUME MeTasaMu (IIig yac CIIJIaBJISH-
usa): S + 2Na = Na,S;

* 3 aKTUBHUMHU MeTajiaMu (3a HarpiBaHHSA):
38 + 2Al = Al,S,.

3aCTOCyBaHHA CipKn

IlopiuHo y cBiTi BupOOIAETHCA OJU3BKO
50 MJsiH TOHH cipKu. Binbiry yacTuHy I1iel Kiab-
KOCTi OIep:KyIOTh MHiJl yac OUHUINEHHS Bix cipxu
IPUPOLHOIO ra3dy Ta Ha(THU.

+ Biusbko 90% yciel mobyroi cipku fime Ha
BUPOOHUIITBO cyJabdaTHOoi Kucaoru (mai. 20.5, a).

+ CipKy BUKOPHCTOBYIOTL y IIpOIleci By.JI-
KaHizamil Jjid IepeTBOPEeHHA Kay4yyKy Ha pisHi
BUAU TYMU, a TAKOXK AJIA OfepP:KaHHA OPTaHIuHUX
0apBHUKIB, JiKapCchbKUX IIpernaparis.

« Cipka € CKJaJOBOIO MOPOXYy ¥ iHIIIUX mi-
porexHiuHUX cywmirei (mana. 20.5, 0).

« CipumcTuM rasoM, M0 YTBOPIOETHCS IIif
yac TOPiHHA CipKW Ha IOBiTpPi, cagiBHUKU Ha-
BeCHi OOKYpIOIOTH ILIOAOBI pocamHu ((GPYKTOBI
cagu Ta TeIJHUIl) OJIS BHUINMEHHA MIKiZHUKIB
(mag. 20.5, 8).

+ OuuineHy cCipKy y BUTJAALL Maseil Bu-
KOPUCTOBYIOTh AJA JIIKYBaHHA 3aXBOPIOBAHb
mKipu.

MNMowwupeHicTb Ta GionoriyHe 3HayeHHA
Cynboypy

Cyab(yp — DOCUTHL MOMIMPEHMH Ha SeMJi
ejeMeHT, Bin cranoBuTth 0,1 % macu 3eMHOI KOpu
(croMe Miciie cepen HeMeTaJIiUHUX eJIeMEeHTiB.)

Ha 3emui icHye 0OaraTto mokJamgiB CipKwu.
o Toro :x GaraTo 3 HHX NepedyBalOTh Ha IO-
BEepXHi, IO MO3BOJIIE IIPOCTO BUKOIYBATHU IIO-
ponmy, a iHII 3aJAraroTh Ha IIOMIPHO HEBEJNIUKin
raubuuai 200-500 M.



§ 20. Cynboyp. Cipka

3a posBifaHMMM 3amacaMu CipKum YKpaina
mocizae omHe 3 mepiux Micis y cBiti. Haii6inb-
1i pomoBuINa cipku B YKpaiHi 30cepem:keHi me-
peBaxxkHo y JIbBiBCHKi#T Ta IBamo-®PpaHKiBCHKIN
obsactax, ajse Big Kimms XX crouirta ix pos-
poOKu TpulynmHeHi ab0 MpUNNHEHI BHACJIITOK
3MEHIIIEHHA CBiTOBOTO CIIOKWBAHHA CipKWU.

Cyabpyp MicTuThca y CKJIaAi 0ararbox pe-
YOBUH: y IPUPOAL TPANJAETLCA BeJNKAa KiJb-
KicTes cyaspypoBMicHuUX cmoayk. Cynabdigmi
pyau MicTaTh 6araTo IMiHHUX MeTaJiuHuX eje-
mentiB (manx. 20.6, a, 6), Tomy Iii pyau € He
aumie mxepeaom Cyabdypy, a i CUPOBUHOIO
Iasd moO0yBaHHS MeTaiB. TaKkoK ITUPOKO BUKO-
PUCTOBYIOTH cyJb(aTHi MiHepaJsu rimc Ta aje-
bactp (max. 20.6, 8, 2).

Cyabdyp — onuH i3 0ioreHHMX eJIEMEeHTiB.
Bin micTuThCcAa y cKJami aMiHOKUCJIOT (IIMCTeiH
Ta meTioHin). Came 3aBasaku Cyabypy 3aaUIITKI
MUX aMIiHOKHCJIOT y MOJIEeKyJax OinkiB 0epyThb
y4acTh B YTBOPEHHI AUCYIb(MIAHMX MiCTKiB, IO
CcTabiIi3yIOTh TPETUHHY CTPYKTYPY Oinka. Takosx
Cynbdyp € y craami meskux BiTamiuiB (6ioTuH,
Tiamin) i ¢pepmenTiB. Oprauism JIOAUHE MiCTUTH
6sm3pKo 2 r Cynasdypy Ha 1 Kr macu Tijaa.

)

7 KniouoBa igesn
-9

0 KoHTponbHi 3annTaHHA

Man. 20.6. MpupopgHi
cynbdypoBMicHi MiHepanu:
a — niput FeS,; 6 — xanbko-
niput CuFeS,; 8 — ring;

2 — anebactp

Cynbdyp — nowmpeHuin y Npupoai Ta BaXKNMBUN ANA iCHYBaHHA XUTTA efleMeHT.

281. CxapakTepunsyiiTe BaNeHTHI CTaHU Ta MOX/UBI CTYNeHi oKnCHeHHA Cynbdypy.
282.[NopiBHANTe $i3nyHi BNacTUBOCTI pi3HMX anoTponHux moaudikauin Cynbdypy.
283.3 AKNMN peyoBMHAMU CipKa BUABIAE BNACTUBOCTI OKNCHUKA, @ 3 AKUMN —

BiAHOBHMKA?
284.CxapaKkTepusyiiTe 3aCTOCyBaHHA CipKW.

285. CxapakTepu3yiTe nowurpeHicTb Ta 6ionoriyHe 3HauyeHHA Cynbdypy.

4 3aBAaHHA gNnsA 3aCBOEHHA MaTepiany

286. B3aemogis CipKu 3 LMHKOM BifbyBa€eTbCA Tak camMo, fAK i 3 antomiHiem. Cknagitb
PiBHAHHSA peaKLuii Ta eNeKTPOHHUI 6anaHc AnA Uiel peakuii.

287. Cknapitb piBHAHHA peakuin yTBopeHHA docdop(lll) cynboigy, HaTpin cynbdi-
ay, depym(lll) cynbdiny 3 npocTrx peyoBmrH. YKaxiTb OKUCHUK i BiZHOBHUK.
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KomnnekcHi 3aBgaHHA

288.Y sKiil npupopHin peyoBrHi Macosi yacTku Cynbdypy 1 OKcuMreHy ofHaKoBi?

289. BuzHaute, y Akin 3i cnonyk — PbS, MnS, FeS, NiS, BaSO, — macoBa uacTka
Cynbdypy Hainbinblua, a B AKii — HaliMeHWwa. Yn MOXHa BifnoBicTM Ha Le
3anuTaHHA 6e3 obuncneHb?

290. Ckinbkn atomie Cynbdypy MicTUTbCA: @) Y 2 MONb LUHKOBOI 06MaHKM ZnS;
6) y 0,1 monb mipabinity Na,SO,-10H,0?

291. O6uncnite 06'em cynbdyp(lV) okengy (H. y.), WO YTBOPIOETLCA Mif Yac cnanio-
BaHHA Cipkn macoto 80 r.

292, 3miwanu cipky 1 3ani3o macoto no 56 r Ta npoxapwnu. Obuncnite macy yTo-
peHoi coni.

3aBjaHHA 3 PO3BUTKY KPUTUYHOIo MUCJIEHHA

293. Ik BU BBa)<a€Te, YOMy pombiyHa Ta MOHOKIIHHA CipKM MaloTb Pi3Hi FyCTVHY,
pi3Hi TemnepaTypu MnaBneHHsA, afe OfHaKOBY TeMnepaTypy KuUMiHHA?

294. flk MOXKHa CxapaKTepu3yBaTy KPUCTasivHi FpaTKu NAacTUYHOI CipKn?

295. AK MOXHa CxapakTepu3yBaTy PO3YMHHICTb MAACTUYHOI CIPKK, FPYHTYOUMCH Ha
i1 6yposi?

§ 21. TigporeHn cynb¢in. CynbdpigHa Kncnora

MpurapanTe: 3HaYeHHA BOAHEBUX 3B'A3KIB ANA Qi3NYHUX BNACTUBOCTEN PEYOBUH (3a § 7).

®i3nyHi BNacTUBOCTI

Tigporen cynbdin, abo cipkosomens, H,S — nerka cmonyka Cynbdypy
3 Iigporerom. BiH € eJIeKTPOHHUM aHAJOTOM BOJIM, ajie 3a BJIACTUBOCTIMI
IysKe BigpisHsaeThCcA BHACIITOK HEMOJKJINBOCTI YTBOPEHHA BOOJHEBUX 3B’ A3KiB.

Tligporen cyabgim:

- 0e3b0apBHUI ras3, BaKUMil 3a TOBITPA, 3 XapaKTepPHUM HEIPUEMHUM

3amaxoM TYXJHUX S€Nb UM TYXJOrO M’sica i COJIOAKYBATHM CMaKOM;

* IoMipHO J00pe podumHAeThcA y Bomi: 291 mu ragy y 100 r Boau 3a 20°C;

«t . =-83°C, t  =-61°C; xoua mMojeKyJa rifporeH cyapdiny maisxe

y OBa pasuW BasKua 3a MOJIEKYJY BOAU, HOTO TeMIlepaTypa KUIiHHA
Ha 160°C meHIIa 3a TeMIIepaTypy KHUIIIHHS BOAM uYepe3 BifCYTHICTH
BOIHEBUX 3B’ A3KiB;

« Iy°Ke OTPpYWHUI, HEraTUBHO [lie Ha HEPBOBY Ta CEPIIEBO-CYJUHHY CUC-

TeMU JIIOAUHN.

CyasdigHa KucioTa — Iie PO3UUH TiporeH cyabdiay y Bomai. YHACIiIOK
00MeKeHOI PO3UMHHOCTI TiAporeH cyab(il BUIIISETHC i3 Cyab(igHOI KKCI0-
T4 i Hagae i coenugivuoro 3anaxy. CyabdigHa KucIoTa He MOMKe OyTH KOH-
IEeHTPOBAHOIO: HABITH Yy HACMUEHOMY PO3UYMHI MacoBa YaCTKA TiAPOreH Cyabdi-
ny e mepesuinye 0,5 % . Tigporen cynbdin y cyabdigHiil KUCIOTI IOBIIBHO
OKHCHIOETHCA KUCHEM IIOBIiTPsA, Uepes IIO0 IIOCTYIOBO 3’ ABJSIETHCA OCal CipKu.



§ 21. TigporeH cynbdia. CynbdigHa Kncnota

XimiyHi BnactmBoCTi cynb®igHOT KUCIOTH

1. Exexrpoaitnuna auconiania. CynabdigHa KucioTa € IBOXOCHOBHOIO,
y PO3UMHiI BOHA [IHUCOIil0E 3a ABOMAa cragiAmMu. AJe cyiabdigHa KucaoTa
IysKe ciaabKa, 3a IepIIoi0 CTali€l0 B HACMUEHOMY PO3UMHI AUCOI[iI0€ JIUIIIE
0,2 % wmoserysn. ¥ Takomy posumHi pH mopiBHioe 0Ju3bKO0 3,5, IO Bimmo-
BiZae He Oy’Ke KHUCJIOTHOMY CEpPeIOBUINY, ajie I[bOT0 AOCTATHHO IJIA 3MiHU
KoJabopy iHamkaTopiB. Ilig yac mucorriallii 3a mepImom cTai€eio YyTBOPIOIOTHCSI
rizporencynbdig-ionn:

H,S=H +HS

3a OpYyrom CcTamieid YyTBOPIOETHCA HeBeJAMKa KiJbKicTh cyabdim-iouis,
OCKIJIBKM Ha I[il cTanil AUCOIIIOITH JIHNIINE MIJBHOHHI YacTKU BiJcoTKa
MOJIEKYJI:

HS = H'+8*

2. Bzaemopia 3 ayramu. CynbdigHa KucjoTa ayske ciaabka, TOMY 3 OcC-
HOBHUX PEUYOBUH B3a€MOJi€ TiJbKHU 3 Jyramu (CUJIbHUMU OCHOBaMu). Hepes
IBOXOCHOBHICTh BOHA YTBOPIOE IBa BUIU COJIel — CyJb(digm Ta rigporeH-
cynbdigm:

- Kucai (3a mecraui ayry): H,S + NaOH = NaHS + H,0

(HaTpin rigporeHcynbdin)
* cepeaHi (3a mamaumry ayry): H,S + 2NaOH = Na,S + 2H,0
(HaTpin cynbdin)

MowwmpeHicTb Ta 3aCTOCyBaHHA rigporeH cynbdigy

¥ npupozi rizporeH cyabhis MicTUTBCA B CYIIyTHIX HA(MTOBUX
rasax, IIPUPOJHOMY Ta BYJKaHiUHOMY Trasax. ¥ He3HauHil
KiZTBKOCTi BiH yTBOPIOETHCA IIif Uac IHUTTS OiNIKiB, y cKJami
AKUX € 3IUIIKYA MOJIEKYJI CYJIb(OYPOBMICHUX KUCJIOT. ¥ MaJUX
KITBKOCTSAX MIiCTUTBCA B KUITIEUHUX Ta3axX TBAPUH i JIIOJUHMN.

Y Yopuomy mopi 3aBraubmiku 150—200 M y BoAi po3unHEHO
baraTo rigporeH cyabdiny, TOMy Ha IIUX TIMOMHAX MaliKe
BiICYTHE JKUTTA.

IIpoxomsaum Kpish mifg3eMHiI CKyMmUYeHHs BOAW, BYJKaHiuHL
rasu yTBOPIOIOTH CipKOBOJHEBI reiizepu abo a:Kepeja CipKo-
BOJHEBUX MiHepaJbHUX BOJI.

IIpuponni Bogu 3 ymicTOM CipKOBOIHIO MAaIOTh JIIKYBaJbHI BJa-
ctuBocTi. B YKpaini Taki kypoptu € Ha 3akapmarti (CUHAK),
IBano-®pankismuni (Yepu), Bykosuni (Bpycauris) Ta Ha JIbBiB-
mtuHi (Hemupis, JIrobeuns Benuknit, IlIkao). Takox y Tpyckas-
IIi BUIIYCKAIOTh CipKOBOZHEBY MiHepasbHy Bomy «Hadrycsa».

Binpury wactuHy rigporeH cyiab(diy BUKOPHCTOBYIOTH IJIA
omep:KaHHA cipru (maiizxke 98 % CBITOBOTO BHUPOOHUIITBA).
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S

KnwouoBa igesa

lipporeH cynbdin — pocutb Hebe3neyHa peyoBrHa, 3 AKOK HEOOXiAHO NOBOAUTM-
CA BKpall 06epexxHo.

KOHTponbHi 3anuTaHHA

296. CxapakTtepusyiTte $i3nyHi BnacTmBoCTi rigporeH cynbdigy Ta cynbdigHoi Knc-
notu.

297. MNMoAcHIiTb, Yomy rigporeH cynbdifg Mae HUXYi 3a Bogy TemnepaTypu MiaBfieH-
HA N KWMNIHHA.

298.1Ki Bugn conen moxe yTsoptoBath cynbdigHa Kucnota? AKi 3 HUX PO3UMHHI
y BOpAi, @ AKi — Hi?

3aBAaHHA ONA 3aCBOEHHA Ma'repiany

299. CxapakTepusynTte XiMiuHi BNaCcTUBOCTI CiIpPKOBOAHIO 3a HaBedeHMMU CXeMaMu
peakuin. [1na oKMCHO-BIAHOBHUX peaKLii CKNafiTb eNeKTPOHHUI GanaHc:
a)HS+1,— S +HI
6) H,S + KOH — K,S + H,0;

B) H,S + PbO — PbS + H,0.

300. Cynbodign 6aratbox TPUBANEHTHNX METaNIYHNX eNeMeHTIB, HanpuKknag Antomi-
Hito i Mepymy, NigaaTbCa HEO6OPOTHOMY rigponisy. CKnafitb PiBHAHHA LMX
peakuin.

301. CknagiTb PiBHAHHA peakLuin AnAa 34iNCHEHHA NaHLUora nepeTBopeHb:

Fe — FeS — H,S — S — SO,.

KomnnekcHi 3aBgaHHA

302. O64nCniTb BIGHOCHY FyCTUHY FigporeH cynbdigy 3a nosiTpaAMm.

303.paHNyHO [onycTMa KOHLUEHTpaLia CipKOBOAHIO B MOBITPi CTaHOBUTb
0,01 mr/n. CKifibKn MONEKYN CIPKOBOAHIO MICTUTbCA B 1 M3 MOBITPA (H. y.) 3a Ta-
KOI KOHLleHTpauii?

304.064ncniTb 06'EM CIPKOBOAHIO (H. Y.), AKUI MOXHA ofep»aTi, Maloun B HasiB-
HOCTI CipKy Macot 12 r Ta HeobXiHi KiflbKOCTi 3asi3a i XNopULHOI KNCIOTH.
BigHocHuMI BuXig npoaykTy peakuii ctaHoBUTb 80 %.

305.06uncniTb mMacy ocagy, WO YTBOPUTLCA Mif YaC MPOMYCKaHHA CiPKOBOAHIO
Kpi3b po3uuH Kynpym(ll) cynbdaty macoro 200 r, y AKOMY MacoBa YacTKa Coni
cTaHoBUTb 4 %.

306.3a HeMmoBHOro 3ropAHHA rigporeH cynbdigy yTBopunaca cipka macow 12,8 r
i cynbdyp(lV) okemp o6’emom 11,2 1 (H. y.). O6umcniTh 06'emu rigporeH cynbodi-
A4y N KUCHIO, WO BCTYNWUAM B peakLito.



§ 22. CynbdatHa Kncnora

MpurapanTte:

. pO36aBﬂeHVIMVI NPUNHATO BBaXXaTW PO34YMHU, y AKUX Macu PO3UYMHEHOI PEeYOBUHMU

N pPO3YMHHUKa BiApPi3HATLCA Ginbl HiX y 10 pasis;

+ CTYNiHb gucouiauii KUCNOT 3aneXuTb Bif iXHbOT KOHLeHTpaLii: YuM Binbll KOHLEHTPO-

BaHOIO € KWCNOTA, TUM MEHLUMI CTyNiHb Ancouiauil.

Di3nyHi BnacTnBoCTi cynbdaTHOI KNCAOTK

« Yucra (6e3BomHa) cyiab(aTHa KHCJIOTA —
OesbapBHA CcHPOIMOINOAiOHA TirpocKoImiuHa
pinuHa Ge3 3amaxy;

+ HeoOMe:KeHO BMiIlyeThCs 3 BOIOIO;

- t . =10,5°C, ¢

- rycruHa 1,84 r/cM® — Maiise y ABa pasu
BajK4a 3a BOLY.

=83°C (6e3 posKIamaHHsA);

KHII.

YHucra cyabdaTHa KKUCIOTAa TEPMiYHO HECTii-
Ka, 3a HarpiBaHHA BOHA YACTKOBO PO3KJIANLAETHCSH,
pupingioun cyabdyp(VI) okcun, Tomy B 1aGoparo-
pisix 3a3BMUail BUKOPUCTOBYIOTH i1 96% -1 posumH.

Posuunenna cyabdaTHOI KMCJIOTU Y BOJIL CY-
OPOBOMKYETHCSA BUMIIEHHAM BeJIMKOI KiJIBKOCTIL
TEIJOTHU, IO CBiMUUTH OPO XiMiUHY B3a€MOiiO.
CyabdaTHa KucCJIOTa — BaKKa pigmHa i B pasi
MOTPAILIIHHA Y BOAY OIyCKAeThcA HA AHO. SIKIITO
B KOHIIEHTPOBAHY KUCJOTY IOTPAIUTDH OiJIBLII JIer-
Ka BOJla, TO BePXHIill map pifmHT ayKe posirpisa-
€TbCs, POSUUH 3aKUIIAE, I YTBOPIOIOTHCA OPUBKU.
Y neAKuxX BUINAAKaX IIOCYIWHA MOXKE TPICHYTHU.
Toryrouu posumH, HEOOXiZHO 00epe:XKHO BJIMBATU
cyab(aTHy KUCJIOTY ¥ BOLY, IIOCTiTHO MEePEMIIITyIO-
yn. He MoKHa JuTu Boay B KucJjoTy (maua. 22.1).

XiMiyHi BnacTMBOCTI cynbdaTHOI KNCNOTH

)
Lo
|

—

H,SO,
&/
H,0 7

X
H,50,~~

Man. 22.1. Mpaswuno
3MmillyBaHHA cynbdaTHOT
KUCOTN 3 BOAOIO

1. Enxexrpoairuuna gucomiamis. CyabdarHa KHUCI0Ta — CUJIbHUN eJIeK-
TPOJIIT: ¥ p0o30aBjIeHNX BOAHUX PO3UMHAX MOJEKYJU CYIAb(haTHOI KHCIOTH
TMOBHICTIO JMCOIIiIOIOTH 3a MEPIIOI0 CTALi€I0 3 YTBOPEHHIM TiiporeHCcyab(ar-

ioHiB:
H,SO, = H' + HSO,
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3a apyroim cragieio cyab(paTHa KHCI0TAa — €JeKTPOJIIT cepesHbOl CHUJIM.
VYV 1i posumHi 3 MacoBoro uacTKomo 1 % 3a OIPYrorm CTamiclo IUCOILIOE JIMIIIEe
20 % MoJIeKyJ 3 YTBOPEHHAM cyJb(aT-ioHiB:

HSO, = H' +S0*

OckinbKu cyabdarTHa KUCJI0Ta JBOXOCHOBHA, TO BOHA YTBOPIOE ABAa BUAU
cojieir: cynb(daTu Ta TigporeHcyab(paTu.

2. Peaxrii o6miny. CysabdaTHa KKUCJIOTa BUABJISAE BCi 3arajibHi BJIacTuU-
BocTi KuciaoT. BoHa 3miHioe 3abapBiieHHS iHAWKATOPIB Ta pearye:

* 3 ocHOBHUMU U amporepHumu okcugamu: ZnO + H,SO, = ZnSO, + H,0;

* 3 ocuosamu: 3H,SO, + 2Fe(OH),; = Fe,(SO,); + 6H,0;

* i3 comamm cnabkimux rucxor: H,SO, + ZnS = ZnSO, + HZST.

KonmeunrpoBaHa cyab(aTHa KHUCJIOTA BUTICHAE i3 TBepAUX coJieil JeTKi
KUCJIOTU — HITpaTHY ® XJIOPUAHY:

H,S0,(xo0mn.) + 2NaCl(rs.) = Na,SO, + 2HCIT

I3 syramm Ta rigpoxcumamMu, 3aJI€XKHO BiJ CIiBBiIHOINEHHSA KiJIBKOCTi
peareHTiB, MOKYTb yTBOPIOBATHUCA Pi3HI COJi:
* Kucqi (sa Hecraui ayry): H,SO, + NaOH = NaHSO,+ H,0;
(HaTpin rigporeHcynbdar)
* cepeaHi (3a magaummry ayry): H,8O, + 2NaOH = Na,SO, + 2H,0.

(HaTpin cynbdar)

3. Bzaemopgia 3 meramavu. [IpoayKTu peakiiii cyabdaTHOI KHCIOTH
3 MeTajJjaMM Oy:Ke 3ajiesKaTh BiJ KOHIeHTpaIlil KMCJIOTH.

« Posbasaena cynrvpamna Kucaioma B3aeMOJie€ 3 MeTajsaMu, AK i OyJb-
AKa CHJIbHA KHUCJOTa. AJjie BOHA B3ae€MOJi€ JIUIIEe 3 TUMU, IIIO PO3TAIIOBaHiL
B pANYy aKTUBHOCTI JIiBiIie Bifi BOAHIO, 3 YTBOPEHHAM COJIi Ta BOITHIO:

H,S0, + Fe = FeSO, + H,T
Y mux peaxiiAx cyiab(paTHa KHCJIOTA BUABJSE CIa0Ki OKMCHI BJiIacTH-
BOCTi 3a paxyHOK Ionis H':

2H' + Fe® — Fe?" + HIT

I3 HeakTUBHUME MerajlaMu (Migb, cpibjo, PTYTH TOIIO) po3baBieHa
KHUCJIOTa HEe B3aEMOIE.

« Konuyenmposana cynrb()amua Kucioma 3a OKUCHUMU BJIACTUBOCTAMU
3HAYHO BiJpisHAETHCA BiJ pos3OaBIeHUX BOJHUX PO3UMHIB. ¥ KOHIEHTPO-
BaHUX PO3UMHAX AUCOIliallis BigOyBaeThbcA HE3HAUHOIO Mipoio, TOMY TakKi
PO3UMHE Maii»ke He MicTaATh HoHiB HT, a MicTATHL mepeBaKHO HeAMCOIIIIiO-
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BaHi monekyau H,SO,. ¥V KOHIEHTPOBaHUX DPO3YMHAX CYJIb(paTHA KUCJIOTA
€ CHJIBHUM OKHCHUKOM 3aBAAKu S'6 i pearye sk 3 akTUBHMMHE MeTaJaMH,
Tak i 3 MAJOAKTUBHUMU.

B ycix mmx peakIiiigx yTBOPMOOTHCA BiAmoBimui cosi (cynabdaru), ae
3aMiCTh BOOHIO BUOLISAIOTHCS IPOAYKTH BiJHOBJIEHHSA CYJIb(paTHOI KUCJIOTH:
cynbhyp(IV) okcupa, cipka abo rigporen cyabgdi.

Bsaemogmia masmoaKTMBHHX MeTaJiB i3 KOHIIEHTPOBAHOIO CYJb(paTHOIO
KHCJIOTOIO 32 HArpiBaHHS BiOYBAETHCA 3 OYPXJAUBUM BUIIJICHHAM rasy, AKUN
JIeTKO Bu3HAuUuUTH 3a 3anaxom — cyabdyp(IV) okcun. Hanpukian, is migmaro:

Cu + 2H,S0,(xoum.) = CuSO, + SO,T + 2H,0
¥ mifi peakii cysab(paTHa KHCJIOTa € OKUCHIKOM, a4 Milb — BiTHOBHUKOM:

+2e”

0 46 +2 44
Cu + 2H,S0, — CusS0, + SO,T + 2H,0
\i/v

I3 meramamu, posTalroBaHMMU B PAAY aKTHUBHOCTI JIiBiIe Biji BOAHIO,
3aJIe:KHO Biff yMOB (AKTHUBHICTH MeTaly, KOHIIEHTpAIlid KUCJIOTH, TeMIIe-
parypa) yrBopioioThca cyabPyp(IV) okcupm, cipka abo rigporeH cyabgdin.
Hanpukman:

4Mg + 5H,S0, = 4MgSO, + H,ST + 4H,0
3Zn + 4H,S0, = 3ZnSO, + S| + 4H,0

KoumeunrpoBana cyiab(paTHa KMCJI0TA IIACUBYE 3a 3BUYANHOI TeMIlepaTypu
3aJIizo I ayoMiHi#, TOOTO IIi MeTaau 3 HEI He pearyiTb. 3aBAIKHU IIBOMY
KOHIIEHTPOBAHY CYyJb(aTHy KUCJIOTY MOXKHa 30epiraTu i mepeBos3uUTH y CTa-
JeBUX IIMCTepHax. AJie 3a YMOBU HArpiBaHHs peakIlid MOKe BimOyTucs.

4. Boposiginimaroui BaactusocTti. ¥ 9 Ta
10 xacax BM BUBYAJM BJIACTUBOCTiI BYTJIEBOIHIB
Ta iX BiJHOIIIEHHA N0 KOHIIEHTPOBAHOI Cyab(haTHOL
Kucaotu. Taxka KucCJIOTa BUABJIAE HE JIUIIE Ti-
TPOCKOIIIUHICTD (IIOTJIMHAHHS BOASAHOI mapu 3 I0-
BiTps), a I MOKe BigHiMaTu Bomy i Bifg meaxux
OpraHiYHUX PEYOBUH, OOBYIJIIOIOYM iX.

ITykop mig uac KOHTAKTy 3 KOHIIEHTPOBAHOIO
Cyab(}haTHOI KHCJIOTOI IIOCTYIIOBO HarpiBaeTbhCsd
1 vopuie. TakoK y KOHIIEHTPOBaHiN cybdaTHil
KHCJIOTI 0OBYTJIIOIOTHCA Iamip, 6aBoBHA Ta Jepe- Man. 22.2. O6ByrnioBaHHA
BHUHAa: 3aHypeHa B He€l CKIIIKa MHUTTEBO YOPHIE, [epeBVHN KOHLEHTPOBAHO
ImepeTBOPYNCh Ha Byriaa (mana. 22.2). cynbdaTHO KUCIOTOK
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IIr0o BIacTUBiICTL KOHIIEHTPOBAHOI CyJab(aTHOI KMCJIOTU BUKOPUCTOBY-
I0Th Y J1abopaTopifgx AJsd OCYIIyBaHHS radiB: KUCJI0Ta MOTJIMHAE BOLY IIif
yac ONPOIyCKaHHA KpPish Hel 1moiiHO 00yTuX rasis. TakoK I BIacTUBICTD
BUABJAETHCA ¥ BuBUeHuX Bamu B 10 KJjaci peaxiiax merigpararii cupris,
nerigporeHrajoreHyBaHHA Ta ecrepudikarrii.

IToBoguTHCA i3 CYJIB(MATHOIO KIUCJIOTOIO CJIiJ Ay:Ke 00epeKHO, OCKiJab-
KM BOHA CIPUYUHSE CUJIBbHI OIiKM, a B TAKKUX BUOAIKaX MOKE CTATUCH
O00BYIVIIOBAHHSA INMKipu. Y pasi moTpamaaHHs KHUCJIOTH Ha INKipy ii Tpeda
AKOMOTa MIBHUJIIE 3MUTHA iHTEHCUBHUM CTPyMeHeM BOJM, a IIOTIiM IIPOMUTH
ypaskeHe Micile po30aBJIEHUM PO3UYMHOM HHUTHOI COIH.

3acTtocyBaHHsA CynbdaTHOI KMCNoTU

CynbdarHa KucaoTa — HaWBaKJIMBIIINN MPOAYKT CBiTOBOI XiMiuHOI mpo-
MucsoBocti. Ii BupoOHUIITBO mepeBuirye 100 MIH TOHH Ha PiK.

« [Ipubaus3HO TpU UBEPTi BUPOOJEHOI KUCJIOTU Iifie HA BUTOTOBJEHHS
IOoOpUB.

« Tako)K cyJab(aTHy KHCJIOTY BUKOPUCTOBYIOTH [AJA OUYUIINEHHS Ha-
¢GTOIPOAYKTIB, BUTOTOBJEHHS IIJJacTMac i XiMiuHHMX BOJIOKOH, OapBHUKIB,
JiKiB, MUiHUX 3ac00iB, BUOYXOBUX PEUYOBUH, BUAAJICHHS ip)Ki 3 MeTaieBUX
IIOBEPXOHbD.

+ Posunn cynnharuoi Kucaoru (33 % 3a Macoio) BUKOPUCTOBYIOTH SIK €JIeK-
TPOJIIT y CBUHIIEBUX aKyMYyJIATOPaX.

Y .
T KniouoBa igen

-9

Cyﬂbd)aTHa Kncnota — HebesneyHa y BVIKOpI/ICTaHHi, ane ayxe Bax/Ba pevyoBUHa

ANA NPOMUCIOBOCTI Ta N1abopaToOpHOI NPaKTUKN.

Q KoHTponbHi 3anuTaHHA

307. CxapakTtepusyiTte Gi3nyHi BNacTMBOCTI CynbdaTHOI KUCIOTK.

308. Alkoro npasuna cnig AOTPUMYBATUCA Mif Yac po36aBrieHHs CynbdaTHOT KNCNO-
TV Boaoto? NoACHITL cBO BiAnNoBiab.

309. Yomy uncTa cynbdaTHa KUCIOTa HE NPOBOAUTL eNeKTPUUYHNIA CTPYM, a Ti BoA-
Hi pO34rHM NPOBOAATL?

310. AKNIN enemMeHT € OKNCHNKOM Y peakUifax cynbpaTHOI KUCIOTK: a) po36aBneHoT;
6) KOHLEHTPOBAHOI?

311. Ak 6yge 3miHIOBATMCA 3 YaCOM Maca BiKPWTOI NOCYyAUHN: a) i3 gyxe po3bas-
NEHUM PO3YMHOM CynbPaTHOI KNCNOTY; 6) i3 KOHLEHTPOBAHO CylbdaTHO
Kncnoroio?

312. CxapakTepu3yiTe 3aCTOCyBaHHA CynbdaTHOI KNCIOTH.
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3aBAaHHA ANA 3aCBOEHHA MaTepiany

=== 313. 3anuwits PIBHAHHA peakuin po36aBneHoi cynbdaTHOI KUCIOTM 3 OCHOBOM,

OCHOBHUM OKCUIOM, Cilio.

314. 3 AKMMUK peyoBMHAMU 3 HaBELEHOro nepeniky B3aEMopie cynbdaTHa KucnoTa:
a) po3baBneHa; 6) KOHLEHTPOBaHa? 3anuLWiTe PIBHAHHA pPeaKLil.
Fe, Fe(OH),, SO,, C, Ca0, Cu, Na,CO,.

315. 3 AKMMK HaBedeHUMU peyoBUHamMU — Migb, Kynpym(ll) okcmng, kynpym(ll)
rifpoKcMA — KOHLeHTpOBaHa cynbdaTHa KWCNOTa pearye: a) AK OKUCHUK;
0) AK cunbHa K1cnoTa? 3anunwiTe PiBHAHHA BCiX peakLuii.

316. 3 AKMMMW HaBedeHVMMM MeTanamMyM — Miflb, MarHiin, cpibno, 3ani3o, UWHK,
pTYyTb — pearye cynbdaTHa KncnoTa: a) po3baBneHa; 6) KOHLEeHTpoBaHa?

317. 3anuwitb PIBHAHHA peakuii MiXX TBEPAMM MarHi XJIOPMAOM i KOHLEHTPOBa-
HO CyNb}aTHOK KUCSIOTOH.

318. Cknapitb PiBHAHHA peakLii, WO BiANoBiAaldTb CKOPOUYEHUM NOHHO-MOJEKY-
NIAPHUM PIBHAHHAM:
a) Cu? + S — Cusy;
6) SO, + 20H™ — SO3™ + H,0;
B) Pb?* + SO;” — PbSO,J.

319. [JobepiTb KoediLieHT METOAOM €NIEKTPOHHOro GanaHcy:
a) Hg + H,50, = HgSO, + SO,T + H,0;
6) Zn + H,SO, — ZnSO, + S + H,0;
B) S + H,50, = SO,T + H,0;
r Kl +H,S50, — I, + HZST + K,SO, + H,0.

320. Cknagitb piBHAHHA peakLui ana 3[4iNCHEHHA NepeTBOPEHb:
a) H,S - S — CuS — SO, — SO, — H,S0, — ZnSO, — BaSO,;
6) H,S — SO% — Na,SO; — BaSO; — SO, — SO, — H,SO, — SO,;
B) SO, — SO3~ — SO, — SO, — SO; — BaSoO,.

KomnnekcHi 3aBgaHHA

321. O6uncniTb 06'em rasy (H. y.), WO BUAIIMTLCA Nif Yac PO3YMHEHHA Mifi Macoto
1,28 T y KOHLUEHTPOBaHIi cynbdaTHili KMCOTI.

322.Y po3uunH macoto 500 r i3 MacoBOw YacTKow cynboaTHOi kucnotu 4,8 % Ha-
cunany NopoLuok 3aniza mMacoio 22,4 r. O6uncnite 06'em rasy (H. y), Wo Bu-
ninnecs.

323. O6uuncnitb Macy cynbodyp(VI) okcuay, AKYy MOXHa JOOYTU OKUCHEHHAM Cylb-
oyp(IV) okemay o6'emom 560 n (H. y.), AKLO BiAHOCHWIA BUXIA MPOAYKTY peakuii
cTaHoBUTb 85 %.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIro MUC/NIE€HHA

324, fAki ra3nm MoXHa OCyLUYBaTN KOHLIEHTPOBAHO CyfbdaTHO KUCIOTOM, @ AKi — Hi?
O6rpyHTYiTe CBOIO BiANOBIAb Ta HAaBeAiTb NPUKIAAW.

325. Ak BU BBaxa€Te, YoMy CynbdaTHY KNCIOTY iHOAI Ha3MBaoTb «xN1iGOM» XiMiYHOT
NPOMUCNOBOCTI?



§ 23. HiTtporeH. A3soT

MpurapaiTe: LOHOPHO-aKLENTOPHUI MEXaHi3M YTBOPEHHA KOBaNEHTHOrO 3B'A3KY (3a § 6).

HiTporeH

Hitporex — exement 2 mepioay, VA rpynu. Hecmapeni erexTpoHu 30-
BHimHEBOro piBHA aromis HiTporeHy yTBOPIOIOTHL TPH KOBAJEHTHI 3B’ A3KH,
peanisyroum BasieHTHiCTSH III. ¥V Takomy cTaHi, 3a/Ie’KHO BiJ eJleKTpOHEraTuB-
HOCTi esleMeHTa, 3 AKUM HiTporeH yTBOPIOE CIIOJYKY, BiH MOJKe peaslisyBaTu
CTYHiHb OKHCHeHHSA +3 abo —3:

NO 1522522p3+ 8¢~ — N3 1522522p5 NO 1522522p3— 3¢~ — N*3 152252
Binsaux opbiTaseii Ha ApyromMy eHepreTuduHoMmy PiBHI B aTromiB HiTpore-
HY HeMae, TOMY DPO3IIapyBaHH:A eJIeKTPOoHIB HeMoxkJauBe i HiTporeH He Moike
peaiisyBaTu BaJIeHTHICTBH V. AJle eJJeKTPOHHOIO IIapoi0 Ha S-opbiTasi aTomu
Hitporeny MOKyTh YTBOPUTH UETBEPTUIN KOBAJEHTHUU 3B’SI30K 3a TOHOP-
HO-aKIenITOPpHUM MexXaHidmoMm (muB. c. 30). YTiMm, He3BasKarouw Ha BaJIEHT-
HICTB, y CHOJIYKaX i3 IyiKe eJeKTpoHeTaTUBHUMU ejeMeHTaMu HiTporen mo:xke
BTPATUTH BCi BaJIEHTHI eJeKTPOHH’ i pealisyBaTy CTYIIiHb OKHCHEHHS +5:

NO 1522522p3 — e~ — N*° 152
Omxe, MakcuMasibHA BajdeHTHicTs HiTporeny mopisuioe IV, a MakcuMaJib-
HUH CTyIiHb OKUCHeHHA — +5. HiTporeH MosKHa BBaKaTu yHIKAJbHUM eJIeMeH-

TOM: BiH yTBOPIOE JysKe 6arato piBHOMAHITHUX CIIOJIYK, V AKUX MOYKEe BUABJIATU
OyAb-IKUI CTYIIiHb OKMCHEHHS: BiJ MiHiMaJbHOrO —3 [0 MaKCHMAaJIbLHOTO +5.

Di3nyHi BNacTMBOCTI a3oTy

- 3a 3BUUAHUX YMOB 0e30apBHUII ra3 6e3 cMaKy i 3a-
naxy, PiAKuWii Ta TBEPAWII a30T TaKOK 0e30apBHi;

« posumHHicTbL y Boai — 23 mu B 1 a1 Boxu 3a 0°C
ta 15 ma 3a 20°C;

* o = —196°C, t = -210°C;

« I'yCcTUHA 3a HOpMaJibHUX ymMoB 1,251 r/i;

- rycTuHa pigkoro asory 0,81 r/mu.

Pigkuit asor, AK i OlAbBIIiCTh IHIIMX CKpAIJIEHUX

rasiB, 30epirarmoTh y mocyamHax Jbroapa.

XiMiuHi BnacTMBOCTI a3oTy

Moseryana a3oTy ayske MiliHa. 3aBAAKU TPHOM HECIIaDEHUM eJIEKTPOHAM
Ha 30BHIMIHBOMY eJIEKTPOHHOMY piBHiI aromm Hirporenmy B Hi#l cmosyueni
MOTPiAHUM 3B’ A3KOM:

N +oNE — a6o N=N
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Enepria rakoro 3B’s3ky Haibinbina cepen BigjoMux 3B s3KiB, came
TOMY MOJIEKYJIX a30Ty PO3majaloThCAd HA aTOMU JIUINE 3a AYysKe BUCOKOI
TeMIepaTypu abo I Ji€l0 eJIeKTPUUYHOTO PO3PALY. ¥ HACIIZOK IILOr0 a30T
XiMiuHO iHepTHUI: BiH He TOPUTH i He IMiATPUMYE TOPiHHS, Ba’KKO BCTYyIIa€
B XimiuHi peakririi.

Hnsa BupoObHHUIITBA NOOpPUB, OapBHUKIB, mjacTMac i JiKiB moTpiOHi Hi-
TporeHoBMicHiI cmoayku. Ane Ha 3emai HiTporem micTuThca IepeBasKHO
y BUTIAAl mpoctoi pedoBuHu N, y CKJIaji moBiTpaA. 3B’a3yBaHHA aTMochep-
HOTO a30Ty B XiMiuHi cHoOJIlyKM — BKpali BasKJWBe 3aBIaHHA IJIA JIIOICTBA.
Horo Mo:xHA peasisyBaTH KiThbKOMa IILIAXaMH: B3a€MOJI€I0 a30Ty 3 KUCHEM,
BOIHEM ab0o MeTaJIaMMU.

1. Bzaemopisn 3 kucHeM. Peakirisi asoTy 3 KHUCHEM IMMOUYMHAETHCS JIUIITE
Oig miero eJeKTPUUYHOTO Po3pALy abo 3a Temmeparypu Bumioi 3a 2000 °C
(man. 23.1, a):

N, + 0, = 2NO

Ins Taxkoi peakiii moTpi6HO 6araTo emeprii, TOMy B IPOMUCJIOBUX MACIII-
Tabax Iell Impollec eKOHOMIUHO HepeHTaOeJbHHuil. Y HPUPOAL I peariisa
BimOyBaeTbcsi B Tpomocdepi mig vyac rposu (mai. 23.1, 6).

2. Bzaemopia 3 BogHem. Baaemogisa asory 3 BogHeM BinOyBaeThcA 3a BU-
COKOIr'0 THCKY i HadBHOCTi KaTaJizaTopa (3aiza):

200 arm., 400°C, Fe

N, +3H, 2NH,

Came mro peaxiiio, y pesyabraTi aKOi yTBOpIOeThca amoHiak NHg, Bu-
KOPUCTOBYIOTh CHOTOJHI s 3B’s3yBaHHA aTMOC(HEPHOTO a30Ty.

3. Bzaemopmia 3 meramamu. A3s0T
B3a€MO/JIie Jullle 3 aKTUBHUMHU MeTaJaMu’
3 YTBOPEHHAM HITPUAIB MeTaJTiuyHUX eJie-
MEHTiB:

N, + 3Mg = Mg,N,
(marHin Hitpua)

Ila peakmis TakosX BimOyBaeTbCcs 3a
miABUINEHOI TeMIepaTypu. 3 ycix meTasis
3a 3BUYAMHUX yYMOB 3 a30TOM B3a€MOJie
JIUIIe JIITi#l 3 YTBOPEHHAM JiTi#l HiTpUIy:

N, + 6Li = 2Li3N Man. 23.1. B3aemogisa a3oTy 3 KUCHeM:
y nabopatopii (a) Ta B npupogi (6)
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3acTocyBaHHA a3oTy

Y xiMiuHI#T TPOMMCIOBOCTI a30T BUKOPUCTOBYIOTH SAK CUPOBUHY JIA
CUHTe3y aMOHiaKy, Ha IIe BUTPAUaEThCA IIOHAJ TPU UBEPTi BCHLOT'O IIPOMIUC-
JIOBOT'O a30TYy.

3acTocyBaHHsS rasyBaTOT'0 as30Ty B TeXHiIli I'PYHTYeTbCS
Ha MoTro iHepTHOCTi: B aTMocdepi a3oTy BUMIABIAIOTH JedKi
MeTaJid, IPAIOI0Th i3 PEUOBHMHAMMU, IO JIETKO OKUCHIO-
I0TbCA Ha moBiTpi. HuM 3amoBHIOIOTH €JEKTPUUYHI JaMIIu
Ta KaMepHu INIUH JIiTaKiB 1 aBTiBOK.

YV xapuoBiii TPOMHUCIOBOCTI a30T 3apeeCcTPOBAHUI AK J00aB-
ka E941. A3oToM HAIIOBHIOIOTH FepPMETHUUHI IIaKeTu 3 IXKelo
B M’AKil Tapi, 30KpeMa ImaKeTu 3 YUIICAMU, MOJIOKOM TOIIIO.
Ie 3amobirae mOIIKOAMKEHHIO KPUXKOI I3Ki Ta OKMCHEHHIO
JKUpiB y il CKJIami KUCHEM.

Pinkuii a30T BUKOPUCTOBYIOTh MEPEBAKHO AK XOJIOJOATEHT
Ta B KpioTexHOJOTiAX. IOro 3acTOCOBYIOTH JJIA IIBUIKOTO
3aMOPOKYBAHHA 12Ki, 30epiraHHsa KpoBi # immux 6iosoriu-
Hux marepianiB. Ha saBomax pigkuii asor moTpibed mis
IIBUIKOTO OXOJIOM)KEHHA MeTaJeBUX BUPOOiB.

OcranHiM uyacoM PpigKMii a30T 3aCTOCOBYIOTH y CHCTeMaxX
moske:xkoracinus. BiH edexTuBHiImING 3a BOAY 3 HOTJIAILY
30epesKeHHdA IIHHOCTell Ta MexXaHi3MiB, OCKiJIbKM, BUIAPO-
BYIOUNCH, BUTICHSE KHUCEHb i3 MicIld 3aiMaHHS, a MOTiM,
Ha BiAMiHY Big BOAM, IIPOCTO BUBITPIOETHCH.

MowwpeHicTb y Npupogi Ta 6ionoriyHe 3HayeHHA HiTporeHy

3a mormupeHicTI0O B 3eMHi#T Kopi HiTporeH 3HAYHO MOCTYIAaETbCS CBOIM
«cycigam» y Ilepioguuniii cucremi — Oxrcureny, Cyabdypy, Pochopy i Kap-
6ory. HMoro Bmict cranoBuTs 0,04 % Big Macu semHoi kKopu (18-Te Mmice ce-
pen ycix exmeMeHTiB i 9-Te cepen Hemeraniunux). [Ipore y BeecBiti Hitporen
3a TIOIHMpeHicTIo Tocizae 4-Te micie micaa Tigporeny, emito Ta OKcureny.

HirporenosmicHi MiHepaau B IPUPOAL TPAILISAIOTHCA AYKe PigKo. SHAUHIL
NOKJIagu HaTpieBoi (umiilicbkoi) cemitpu NaNO, 3ocepenxeHi y BUCOKOTIp-
HiT mycresni B IliBmenuiti Amepwuiri, B Iugii € pomosuime wkasitiHoi (immiii-
cekoi) cemitpu KNO,, a mamatup NH,Cl Tpannsersca B €runri. B inmux
MicIAX IIJIaHETH TAaKOXK iCHYIOTH DPOJOBHUINA HITpaTiB, ajie 3HAYHO MEHIII].
B Vkpaimi mokmagu kajiii mHiTparty € Ha KpuMmcbkomy miBocTpoBi. BoHu
BUHUKJIY TePeBa’kHO BHACIIOK THUTTSA i POSKJIANAHHS HiTPOTE€HOBMiCHUX
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OpPraHiuyHUX CIIOJIYK HOMEPJMUX OPTraHi3MiB 3a CHPHUATJINBUX YMOB HABKO-
JIUIITHBOTO cepefoBuIna (BOJIOTUHA Ta TEIJINK KJiMmar).

Haiimomupeninioio B mpupofi crmoayko HiTporemy € mpocrTa peuyoBuHA
asor N,. Ile MOsACHIOETHCA HAA3BUYAWHOK XiMIYHOKIO CTIMKICTIO MOJIEKYJIHN
as3oTy i, HaBOaKM, BUCOKOIO PeaKIliiiHOI0 3maTHicTiO cmoayk Hitporemny.
Haii6inbire asoTy B mOBiTpi, Ae #toro BmicT craHoBUTH 78 % (3a 006’eMoMm).
Maca atomie HiTporeny B moBiTpi BTpuui 6Ginbina, HisK y 3eMHiit Kopi.

Hirporen — enemenT, HeoOXigHUT A1 iCHyBaHHSA »KUTTA. Bil € CKJIam0BOIO
0inKiB i HyKJIE€IHOBUX KMCJIOT. B opraHismi JIuHN B cepeSHLOMY MiCTUTHCS
6au3bpko 1,8 kr aromiB HiTporeny. Be3 HiTpOreHOBMiCHUX CIIOJTYK HEMOYKJINBE
BUPOINIYBAaHHA POCJUH, TOMYy (ikcaiis armocdepHOro asory i HiTpupika-
i I'PYHTIB — OJHE 3 HAWBAKJIMWBIININUX 3aBIaHb CiJIbCHKOT'O T'OCIIOZAPCTBA.

T/‘.’ KniouoBa igesn
" He 3Baxatouu Ha micLe enemeHTa B [NepioAnyHin cnctemi Ta HaABHOCTI N'ATU enek-
TPOHIB Ha 30BHILLHbOMY eHepreTUYHOMY piBHi, HiTporeH He BMABNAE BaneHTHICTb
V, a noro mMmakcumarsnbHa BaneHTHICTb IV. TakoX MOro MakcrMMasbHa BaneHTHICTb He
cniBnaga€e 3 MakCMMasbHUM CTYMeHeM OKMCHEeHHsA. [lo TOro », 3Bakalum Ha Mmicle
B MepiogunuHin cuctemi, HitporeH mae 6yt XiMiyHO aKTUBHMM eNemMeHTOM, TOAi fK
a3o0T iHofi BUKOPUCTOBYIOTb ANIA CTBOPEHHA iHEepTHOT aTMochepu.

O KoHTpOnbHi 3annuTaHHA

326. [NopiBHANTe Gi3NyUHI N XiMiYHI BAACTUBOCTI a30TY i KUCHHO.

327. CxapakTepu3ynTe BafleHTHi CTaHW Ta MOXKNUBI CTYMNeHi OKMCHeHHA HiTporeHy.
328. CxapaKkTepusyiiTte ranysi 3acCToCyBaHHA a30Ty.

329. ke 6ionoriyHe 3HauYeHHA HiTporeHy?

_@ 3aBAaHHA ONnsA 3aCBOEHHA MaTepiany

330. [lo Toro, Ak 6yfI0 PO3POBNEHO TEXHONMONID CKPAMeHHs rasiB, a30T OfepPXKy-
Ba/N TaK: MOC/ifOBHO NPOMNYyCKany NOBITPA CMOYaTKy Yepes po3neyeHy mMigHy
TPYOKy (ANn1A 3B'A3yBaHHA KWCHIO), @ MOTIM yepe3 TPYOKy 3 Kanblill oKcmaom
(ANA NOrMVHAHHA BYIMEKUCIOro rasy M BOAAHOI Napu). 3anuwiTb PiBHAHHA
UmMx peakuin. Yn 3anmwanmca B ogep>kaHoMy a3oTi AKiCb JOMILKN?

331. O6uncniTb MacoBi YacTkm HiTporeHy B UnnincbKin cenitpi i HawaTtupi.

332. flk B/ BBaXaETe, YOMY UmMNifiCbKa ceniTpa TparniaeTbCcA nulie B nycTeni?

333. MoAcHiTb, YoMy He Moxe icHyBaTy Monekyna NCl.

334. Cnnpatyuncb Ha 3HaHHA NPO XiMiYHWIA 3B'A30K Yy MOMEKyni asoTy, MOACHITb,
YOMY a30T He MiATPUMYE rOpPiHHA Ta He BUKOPUCTOBYETbCA B NPOLIECi AVNXaHHSA.

KomnnekcHi 3aBgaHHA

335.Akuin o6'em (H. y.) rasy mMoxHa opep<aTu BMNAPIOBAHHAM OAHIEl CKNAHKN
(200 mn) pigkoro a3oTy? Y cKifbKK pa3siB 36inbwnTbCcA Npu LboMy 06'em
asoty?
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3'0..,4?""151 3 PO3BUTKY KPUTUYHOIro MMUC/NI€HHA

336. Yomy, Ha Balwy AYMKY, B HayKOBUX JOCNIAMKEHHAX | MPOMUCAOBOCTI ANA CUlb-
HOr0 OXONOAMKEHHA BUKOPUCTOBYIOTb PiAKMIA a30T, a He PiAKMI KnceHb? Agxe
OCTaHHIN TaKOX OAEPXKYIOTb Y MPOMUCIOBMX MacwTabax, i BiH MOXe oxonog-

KyBaTu CUMbHilWe 3a pigKknui a3oT?

337. CraHicnas Jlem y pomaHi «Diacko» onmcaB eKCTpeHy CUCTeMy 3aMOPOXKYBaHHSA

aCTPOHABTIB a30TOM, KOMM LWAAHr BCTPOMAANN B POT acTpOHaBTa i NogaBa-
nun pigkni as3oT. OCKiNbKM 3aMOPO3MTH MO30OK MOTPIOHO Oyno AKHanWwBMALe,
TO CTPYMiHb BUCTPIfIOBAB i3 TaKOIO CUIOI0, WO NaMaB Leneny M NMUbOoBi KiCT-
Ku. ToMy NIOAUHY PO3Mi3HaTX NicnA 3aMOPO3KU 6YNO HEMOXIUBO.
Lo BY gyma€eTe CTOCOBHO NPaBAUBOCTI Ta JOLINbHOCTI Takoro cnocoby? Y go-
[ATKOBUX JKepenax 3Hangitb iHbopmaLito Mpo 3aMOPOXKYBaHHA KNITWH, TKa-
HUH Ta opraHi3miB. Y1 MOXNMBO Ha CyyaCHOMY eTani PO3BUTKY HayKu 3amo-
PO3MTW TiNO NIOAUHNY TaK, WO6 i MOXHa ByNo NOBEPHYTU [0 XUTTA?

§ 24. AmMoHiakK

MpuragaiTe:
+ YTBOPEHHA KOBANEHTHOro 3B'A3KY 3a JOHOPHO-aKLENTOPHMM MexaHi3moMm (3a § 6);
« rigponi3 conen (3a § 13).

Di3nyHi BNacTMBOCTI aMOHiaKy

3a 3BUUYaAWHUX YMOB 0e30apBHUI ras i3 xapak-
TEPHUM Pi3KUM 3amIaxom;

nyske mobpe posumHHHMI y Bomi: 1200 g1 B 1 1
3a 0°C Tta 700 1 — 3a 20°C, po3uuH aMOHiaKy
Yy BOJi HA3WBAIOTH HAIIATUPHUM CIIMPTOM;

t.n =—383°C, t_ =-T78°C;

ryctuHa 3a HopMmajdbHUX ymoB 0,76 1/71;

Ly =t
e 5y

JIETKO CKPAILIIEThCA, V PiAKOMY cTaHi — 0e3bapBHA pyxoma piguHA.

Y mobyTi Ta HIPOMMCJIOBOCTI UacTillle BUKOPHCTOBYIOThL HA3BY «aMiak».
J1s1 peyoBMHU 3 TaKOIO HEBEJIMKOIO MOJIIPHOIO MAacoi0 aMOHiaK Ma€ JOCUTH

BUCOKY TeMIepaTypy KUIiHHA (mopiBHANTE: §

L

Man. 24.1. YTBOpeHHA BOAHEBUX
3B'A3KIB MOMEKyaMn aMOHiaKy

KHII.

(CH,)=-162°C). Ile nosicuto-

€THCSA MOXKJIMBICTIO YTBOPEHHS BOAHEBUX 3B’ A3-

KiB MiK MoseryjamMmu amoHiaKy (man. 24.1).

3 MoJieKyi aMOHiIaKy TaKO0K YTBOPIOIOTH BOJHEB1

* 3B’SIBKM 3 MOJIEKYJIaMU BOJHU, ITI0 TOSCHIOE [IO-

’.,‘, e )) Opy PO3UMHHICTH aMOHiaKy y Boxi (maj. 24.1).
il AwmoHiak € PEKOPJCMEHOM cepeZ rasis s3a pos-
yuHHiCcTIO ¥ Boxi. Moro, gk i rigporen xJjopwun,

MOJKHa BUKOPUCTATH AJIS IeMOHCTpAaIii gocrimxy
«(OHTAaHUYNK», AK Ha MaaioHKy 17.1, c. 90.



§ 24. AmoHiak

XiMiuHi BMacTyBOCTi aMOHiaKy

KucinorHo-ocHOBHI BacTUBOCTI aMOHiIaKy 3yMOBJI€HI MOMKJIMBICTIO HOT0
MOJIEKYJI YTBOPIOBATH UYETBEPTHUH 3B’A30K 3a JOHOPHO-aKIEIITOPHUM MeXa-
"HismoMm. Hampuraazn, i3 ionamu I'igzporeny amMoHiak yTBOpPIOE HOH aMOHiIO:

NH, +H' - NH

1. Enexrpoaitmuna nucomnianig. Po3unH aMOHiIaKy y BOJi BUABJISE OC-
HOBHI BiactuBocTi. BiH 3MiHI0O€ 3a0apBieHHA IHAUKATOPiB, 1110 CBIAYUTH IPO
HasIBHICTBh Y HBOMY Timporkcupn-ionis OH™. V posuuHi MoJIleKyJu aMOHiaKy
YTBOPIOIOTH i3 MOJIEKYyJIaMX BOAU TimparT NH3'H2O, AKUN IOiggacThCA eJieK-
TPOJIITUYHINA AuUcoIriaii:

NH,; + H,0 — NH;-H,0 = NH; + OH-

YV mpomy mporieci Ha HOHM aMOHiIO II€PETBOPIOIOTHCA 0JM3bKO 2 % MO-
JIeKyJ aMoHiaky (y posumui 3 macoBoio uacTkoio =0,2 %), oTiKe, aMOHiaK
€ csabKoi0 OCHOBOIO. Bosioruii iHAMKATOPHUI Iamip sMiHIOE KOJIip 3a HadAB-
HOCTi rasyBaToro aMOHiaKy, IIIO Ja€ MOJKJHBICTH JOBECTU HASIBHICTH ITHOTO
ragy. I3 momupeHnx HEOPraHIYHUX CIOJIYK aMOHiaK — €IuWHa PeuoBWHA, IO
BUABJISIE OCHOBHI BJIACTHBOCTI ¥ He € TiIPOKCUAOM METAJiUHOTO eJIieMeHTa.

Inopi 3a amasoriero 3 syraMu BOAZHUY PO3UYMH aMOHiaKy Ha3sWMBAIOTh aMO-
Hil rigpokcuoM i sanucyioTs oro dopmyny y suraanai NH,OH. Ase Takoi
CIIOJIYKHY He icHye aHi B po3uMHi, aHi B iHguBimyamrbHOMYy BUTJISAAi. Bomuumii
PO3UMH aMOHiaKy MiCTHUTBH IIepeBakKHO MOJIEKYJIN aMOHiaKy, SKi IMCOIlifo-
BaJIM JIKIIle He3HAUYHOI0 Miporo. OZHAK yci MOJIEeKYJM aMOHiaKy yTBOPIOIOTH
BOIHEBi 3B’A3KW 3 MOJEKYJaMHU BOAM, TOMY PO3UMH aMOHiaKy IpPaBUJIbLHO
samucyBaTu sK rigpat amoniaky: NH,H,O.

2. Bsaemopia 3 kuciaoramu. OCHOBHI BJIACTHBOCTI aMOHiaKy BUSABJIAIOTh-
cd B PeakIliax i3 xucaoTraMu. ¥ IMUX PeakligX YTBOPIIOTLCA COJi aMOHiio:
NH,; + HCl = NH,CI (amomnii xmopum)

NH,; + H,SO, = NH,HSO, (amoHniit rinporencynbdar)
2NH,; + H,SO, = (NH,),SO, (amoHiii cyabdar)

Ockinpku amoHiaxk — cJjab0Ka OCHOBa, TO COJIi, YTBOPeHI aMOHiaKoM
i cnabkmMm KuCJI0TaMU, MiAAaloThcsa Tigposisy. Tomy amoHiakK B3aemofie
i3 CUIBPHUMHU KUCJIOTAMU, KUCJIOTAMU CEPEeIHBOI CUJIN Ta He AyKe CIabKuMu
(meTaHOBa, eTaHOBa, Cyab(iTHA TOII0). 3i cTabKUMU 6araTOOCHOBHUMU KUCJIO-
tamu (KapboHaTHa, opTodochaTHa, cyabdinHa) BiH yTBOPIOE JUIIe KHICJIi COJIi.

3. TopinHa amoniaky. AMOHiaK € BifTHOBHUKOM. BiH ropuTh y ymcTomMy
KHcHi abo y 30araueHOMy KHCHEM IMOBIiTPi 6Jif0-3KOBTUM HOJIyM’SM 3 YTBO-
peHHAM as30Ty i Bogu (Mau. 24.2, c. 122):

4NH, + 30, = 2N, + 6H,0
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NH,
=2
Man. 24.2. [opiHHA amOHiaKy Man. 24.3. OKNCHEHHA aMOHiaKy
y 36arayeHoMy KMCHEM MOBITpI 3a HaABHOCTI KaTani3aTtopa

3a HagBHOCTI Karamaizaropa (mimatunu abo xpom(IIl) okcuay) amouiak
OKUCHIOEThCA 3 yTBopeHHAM HiTporeH(II) oKcuny, AKMT BUKOPUCTOBYIOTH IJIA
BUPOOHUIITBA HiTpaTHOI KucaoTu (Maj. 24.3):

4NH, + 50, —==® 5 4NO + 6H,0

OKMCHEHHS aMOHiaKy 3 KaTajli3aTopoM — TPOMMKCJIOBO BajKJIWBAa CTaIisd
nporiecy (ikcarii armocepHoro asory i HiTpudikaiii rpyHTiB.

3acTocyBaHHA aMOHiaKy

CyuacHa IIPOMHCJIOBICTh CIIOMKMBA€ NECATKU MiJIbHAOHIB TOHH aMOHiaKy
Ha piK.

- Binpmriicts oxmepsxanoro amoHiaky (0am3pko 80 %) mepepolaA0Th
Ha uHitporeH(II) okcmua i mami Ha HiTpaTHY KHCJIOTY, TOMY HiATIPUEMCTBA
3 BUPOOHUIITBA aMOHiaKy 3asBUYall pPO3TAIIIOBYIOTH II00JIM3Y BiJ 3aBOIiB,
110 BUPOOJIAIOTH HITPATHY KHCJOTY.

+ JacTuHa aMOHiaKy #jle Ha OJlep;KaHHA CEUOBUHU i CoJieil aMOHiI0, AKi
BUKOPHCTOBYIOTh ¥ CiIbCLKOMY TOCIOJZAPCTBi AK MiHepasbHi moOpumBa.

+ AMOHiaK € CHPOBMHOIO IJIA CHUHTE3y IJIACTMAC i IMITYYHUX BOJIOKOH,
HaIPUKJIaA KamlpoHY.

+ AMOHiaK BUKODPHUCTOBYIOTH AJIA BUTOTOBJIEHHSA JiKapPChKUX IIPeraparis,
PO3UMHHUKIB, BUOYXOBUX PEUYOBUH, MUMNHUX 3aco0iB JJid OUMUIIEHHS CKJa
(mag. 24.4, a).

- Piskuil 3amax aMmoHiaKy 3maTHUII BUBECTHU JIOAWHY 3i cTaHy HeIpu-
ToMHEOCTi, ToMy 10% -if BogHMIT PO3UMH aMOHiaKy 3aCTOCOBYIOTh Yy MeIUIIHI
I HaJaHHS OoJiKapchbKoi momomoru (mai. 24.4, 0).



§ 24. AmoHiak

Man. 24.4. 3acTocyBaHHA amMOHiaKy:  — Yy CKnagi nobyToBMX MUINHMX 3acobiB;
6 — y MefVuUVHI; 8 — Y MPOMUCIIOBUX XOMOAMIBHUX YCTaHOBKaX

« IIig yac BuIapoByBaHHS PiIKOTO aMOHiaKy IMOTJIMHAETHCA BeJINKA Kijlb-
KiCTh TemJOoTH, TOMY aMOHiaK BUKOPHCTOBYIOTH AK XOJIOJOATEHT y AEAKUX
TUIIaX MTPOMUCJIOBUX XOJONUJIbHUKIB (Man. 24.4, 8).

)
o

o

2/

KniouoBa igesn

AMOHiaK — NPOMMCNOBO BaKNMBa PEUYOBUMHA, WO € NAHKOK B NaHLI03i NepeTBo-
peHb Bif aTMocdepHoro HitporeHy o pocinHHoro binka.

KOHTpONbHI 3anuTaHHA

338. [MopiBHANTe $i3NYHI BNACTMBOCTI aMOHiaKy i1 a3oTy.

339. 306pa3siTb 6ynoBY MOMEKY/iM aMOHiaKy Ta iOHa aMOHito.

340.Cknagitb dopmynu HiTpaTy, xnopugy, cynbdaty, kapboHaty 1 opTodochaTy
aMOHito.

341. Ak ofepXyloTb aMoHiak y nabopaTopHUX YMOBaXx i B NPOMMCIOBOCTI?

3aBaaHHA ONsA 3aCBOEHHA Ma'repiany

342.CknapiTb PIiBHAHHA peakuii: a) HaTpill rigpokcugy 3 amoHii cynbdatom;
6) Kanbuil rigpoKcay 3 aMOHiI HITpaToM.

343. lo6epiTb KoedilieHTM B cxemax peakuii. AKi BNacTMBOCTI aMOHiaKy Xapak-
Tepu3yloTb Ui piBHAHHA? Ha3BiTb coni, Wwo yTBOptoTLCA. [InA OKUCHO-BIA-
HOBHUX peakUil CKNafiTb eNeKTPOHHUI GanaHc.

a) NH; + H,PO, — (NH,),HPO,;
6) NH; + H,S — (NH)HS;

B) NH, + Br, — NH,Br + N;

r) NH; + CuO — Cu + N, + H,0.

344, 3anponoHyinTe, K MOXHa ofepati Kynpym(ll) okemg i3 kynpym(ll) cynbdaty
y ABi CTafii, BUKOPUCTOBYIOUM NMLLE BOAHUI PO3UYNH aMOHiaKy.

345. B3aemogi€lo aMOHiaKy 3 BYrIeKNC/IMM ra3oM ofepXyoTb ceuosuHy (NH,),CO,
O BUKOPUCTOBYETbCA AK a30THe A06PMBO. 3anuwiTb PiBHAHHA peakuil.
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346. MarHin HiTpug Mg;N, nipnaetbca HeobopoTHOMY rigponisy. Lo BinbyaeTbca,
AKLLIO 3aMiCTb BOAM Nif Yac Jocnigy BUKOPUCTATU XNopuaHy kucnoty? Ckna-
AiTb Ui PiBHAHHA peakLin.

KomnnekcHi 3aBgaHHA

347. Akuin 06'eM aMOHiaKy TEOPETUYHO MOXKHA oflepaTi 3 BOAHIO o6'eMom 6 n Ta
asoty ob'emom 3 n?

348.06uncnitb 06'em HiTporeH(ll) okcnay, AKNIA MOXKHa ofepKaTu LLIAXOM KaTani-
TUYHOTO OKMCHEeHHA aMoHiaKy o6'eMom 100 . AKMIN 06'EM KUCHIO NPU LibOMY
BUTPATUTbLCA?

349. Akui 06'em amMOHiaKy (H. y.) NOTPIGHWI ANA NPUrOTYBaHHA MOrO PO3UMHY Ma-
coto 50 r i3 MacoBO YacTKOK aMoHiaKy 25 %?

350. O6uncniTb 06'eM amoHiaKy (H. y.), WO YTBOPUTLCA Mif Yac HarpiBaHHA KanbLin
rigpokcmpy mMacoto 9,2 r 3 aMoHin xnopuaom macoto 10,7 T.

3aBp,a|-:'.a 3 PO3BUTKY KPUTNYHOIro MUCJIEHHA

351. 3a3Buryan rasyBaTi peYOBUHMN, HaBITb MOMAPHI, MOraHO PO3UYMHAIOTLCA Y BOfI.
[PYHTYIOUNCb Ha MOEAHAHHI MOHATH MPO XiMiuHy PiBHOBAry Ta Teopii enek-
TPONITUYHOI Arcouiauil, NOACHITb Ay»Ke BeIMKY PO3UMHHICTb rigporeH Xnopu-
Ay Ta aMOHiaKy y Bofi.

352. Y 3rofHi BM 3 TBEpAXKEHHAM, WO 33 06CAraMm BUPOONEHOIO aMOHIaKy MOX-
Ha poOUTU BMCHOBOK LIOJO €KOHOMIYHOrO PO3BUTKY KpaiHu? O6rpyHTyiiTe
CBOIO BignoBigb.

MiHi-npoekTtn

353. locnigitTb BNacTUBOCTI HawaTuMpHoro cnupty — 10%-ro po3unHy amMoHiaKy.

JoTpumyiitecb npasun 6e3nexu.
AMOHIaK Nlerko po3ni3HaTh 3a XapakTepHrM 3anaxoM. ObepexxHO MoHxanTe
po3uvH. [1o HeBenmMKoi KiNnbKOCTi PO3YMHY aMOHiaKy KpannuHamu gOAaBanTe
PO3UMH NIMMOHHOI KMCIOTU, MOKM 3amnax amoHiaKy He 3HMKHe. Ik MOACHWTU
3HMKHEHHA 3anaxy? AKLWo A0 OTPYMAHOro Po3yYnHy AoAaTW cogy, 3anax amo-
HiaKy 3'ABMTbCA 3HOBY. Yomy?

354.Y wkinbHin nabopaTtopii y MPUCYTHOCTI BYMTENA MPUrOTYTE KOHLEHTPO-

BaHUA po3unH Kynpym(ll) cynbdaTy, po3uMHMBLIK Yy BOAI MiLHUIA Kynopoc
CuS0,:5H,0. llotpumyiiTecb npasun 6esnexu.
[lo oTpUMaHOro po3umMHy KpananHamy gofaBanTe po3uuH amoHiaky. Crno-
yaTKy Bunagae cuHin ocag kynpym(ll) rigpokcuay, AKUI nig yac noganbLio-
ro foAaBaHHA aMOHIaKy PO3UYMHAETbCA, YTBOPIOYMN ACKPABO-CUHIN PO3UNH
amoHiakaTy — KomniekcHoi cnonykn cknagy [Cu(NH,),1SO,. Vioro mosHa
BUAINNTM 3 PO3YMHY [OAaBaHHAM eTaHoNy. AKLO 3aNUWNT PO3UYUH KpKCTa-
ni3yBaTucA, yepes fekinbka AHIB Y HbOMY BUPOCTYTb BeNVKI KpUCTanm amo-
HiakaTy.



§ 25. HitpaTtHa Kucnorta
Di3nyHi BNACTMBOCTI HITPATHOI KMUCNOTH

- Jlerka OesbapBHA piguHa, mmig uyac 30epiraHHa
Ha CBiTJII po3KJIamaeThbcA 3 YTBOPEHHAM HiTPO-
reu(IV) oxcuny, HabyBaOUu KOBTYBATOrO KOJIbOPY: !

4HNO, —™t 5 4NO,T + 2H,0 + 0,T; p——
+ HeOOMEIKeHO PO3UMHHA Y BOJi; T | !
-t =+83°C, t = —-42°C; e
- ryctuHa 1,52 r/cmd; tnp;

Ma€e pisKuiM iZKWi 3amax;

TirpocKoIriuHa, eHeprifiHO IIOTJIMHAE BOJIOTY 3 IIO-
BiTDA;
- ny:Ke HeOesIleuHa, OTPyiiHa; HaBiTh posbaBjeHa
KMCJIOTA COPUYMHAE XiMiuHi OmmiKu ImKipm, 3ayu-
II1ae Ha Hifl XapaKTepHi KOBTI ILISIMMU.
IToBoauTHCS 3 HITPATHOIO KMCJIOTHOIO ITOTPiIOHO Ay:Ke obeperkmHo!
Yucty (6e3BOAHY) HITpaTHY KHCJIOTYy HA3WBAIOTh MUMJISYOI0 Uepes Te,
110 HaJ BiAKPHUTOIO IMOCYAMHOI BUHUKAE TyMaH. ¥ Jab0OpaTOPHill mMpaKTHUIli
yacTilre BUKOPUCTOBYIOTL 68% -i1 po3umH HIiTPaTHOI KMCJIOTH, 3a3BUYAll came
3a TaKOl KOHIleHTpAaIllii il BUIIYCKAaIOTh y¥ IPOMUCIOBOCTI.

XimMiuHi BNaCcTUBOCTI HITPATHOI KNCOTH

1. Enxexrpoaitmuna mucomiamis. HitpaTHa Kmciora — CHILHHUN €JIeK-
TpoJiT. BoHa 3MiHIoe 3a0apBieHHSA iHAMKATOPiB, Y P0O30aBJIEHUX PO3UMHAX
IOBHICTIO AMCOI[iI0E HAa HOHU:

HNO, = H* +NO;

2. Peakmuii o6miny. HiTpaTHa KucioTa BUSBIISAE BCi 3arajbHi BJIaCTUBOCTL
KHUCJIOT, TOOTO B3aEMOIie 3:
* ocuoBHMMU OoKcupamu: 2HNO,; + MgO = Mg(NO,), + H,0;
« aMm(poTepHUMU OKCUIAMHU Ta TiJPOKCUIAMIU:
2HNO, + Zn(OH), = Zn(NO,), + 2H,0;
- ocaoBamu: HNO; + NaOH = NaNO, + H,0;
* conamu caabkmx Kueaor: 2HNO; + BaCO; = Ba(NO,), + COZT + H,0.

3. Bzaemogia 3 meraxamu. SK i cysabdarHa, HiTpaTHa KUCJIOTA € CUIb-
HUM OKMCHUKOM: IIO-IIepIlie, Uepe3 HaABHICTH y po3umHax IoHiB ['izpore-
vy H*, mo-apyre, uepes cunpHinmii okucuuk Hirpar-ior NO3. Ile 3ymoBiioe
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HitpaTHa KucjoTa B3aeMozie Maike 3 yciMa merajlaMu 3a BUHATKOM
30JI0Ta, IJATUHU H OedKUX iHIIUX. Y OLIBIIOCTI BUIIAAKIB OKpiM coJeit
YTBOPIOIOTBCA Pi3HI MPOAYKTHU BifHOBJEeHHA HiTpaTt-ioHiB (NO,, NO, N,O,
N,, NHZ). ITe same:xXuTh Bii KOHIIEHTpPAIlil KMUCJIOTHA Ta aKTUBHOCTI MeTasy:
UMM aKTUBHIIIUHN MeTas i MeHIIa KOHIIEHTPAIlid KHCJIOTH, TUM CHUJIbHIiIIe
BiZIOyBa€ETHCS BiTHOBJIEHHS.

Ilepesaskamii mponykT BigHOBIeHHA HNO,
NH; N, N,0 NO NO,

»
'

KoHIleHTpaIia KucjaoTu

A

AKTUBHiCTH MeTay

Meranmu MOXYTh BUTICHATH BOAEHb i3 PO3UMHIB HITpPaATHOI KUCJIOTHU, aJie
YACTO BiH YTBOPIOETHCSA PA30M 3 iHIMUMU IIPOAYKTaMU BimHoBaeHHA HiTporeny.

VYV pasi momaBaHHI Migi 10 KOHIIEHTPOBAHOI HIiTPaTHOI KHCJIOTH IIOYHHA-
€ThCS aKTWBHA peaKIlia 3 BUAiTeHHAM Oyporo rady — uiTporeu(IV) okcunmy
(mas. 25.1). MigHi omIypKu IIOBHICTIO PO3UMHSIOTHCA B KHCJIOTi, a PO3UYNH
HabyBae TeMHO-3€JIEHOTO KOJbOPY:

_— 21

0 45" +2 vy
Cu, + 4HNO, (60 %) — Cu(NO,), + 2NO,I + 2H,0
R

_— 23 —a

0 ¥5' +2 +2'
3Cu, + 8HNO,(30 %) — 3Cu(NO,), + 2NOT + 4H,0

B 060x BHUIIagKax OKMCHUKOM € HiTpaT-ioH, IO BiZHOBIIETHCA OO0 OKCHU-
aiB Hirporemy NO i NO,,.
AKTUBHIINII MeTaIu MOXKYTb BiITHOBUTHU HiTpaTHY KuCJOTy 1m0 HiTporeH(I)
okcunay, azory N, abo HaBiTh 10 aMOHiaKy:
3Zn + 8HNO; (30 %) = 3Zn(NO,), + 2NOT + 4H,0

4Zn + 10HNO, (20 %) = 4Zn(NO,), + N,0T + 5H,0
5Mg + 12HNO, (10%) = 5Mg(NO,), + N,T + 6H,0
4Mg + 10HNO, (3%) = 4Mg(NO,), + NH,NO; + 8H,0
3asizo, XpoM i anOMiHiTT HA XOJIOA1 3 KOHIIEHTPOBAHOIO HiTPATHOIO KUC-
JIOTOI0 HEe B3aEMOMIIOTH YHACJIiJZOK YTBOPEHHA HA IXHIHW ITOBEPXHI TOHKOTO
mapy ximiuxo crifikoro okcupay. IIpo meii mporec roBopATh, IO HiTpaTHAa
KHCJIOTA TAacWBYE IIi MeTaJu. 3aBAAKUW IIbOMY KOHIIEHTPOBAHY HiTpaTHY
KHCJIOTY MO’KHA IIePEeBO3UTH y CTaJIeBUX I[MCTEepHAaX.

3)2



§ 25. HitpaTHa Kncnota

IBaH EBrpadoBuy

-—_._“

A s Apapypos (1879-1938)
YKpaiHCbKUM XimMiK. YAOCKOHa-
Man. 25.1. B3aemopis Mifji 3 KOHLEHTPOBaHOIO B TEXHONOTiT BUPO6HMLITBA
HITPATHOIO KNCNOTOK aMOHiaKy i HITpaTHOI K1C/IOTN

3aCTOCYBaHHA HITPATHOI KUCAOTN

HirpaTHa Kumciaora — oaumH i3 HaWBaKJIWBIMINX IPOAYKTIB XimMiuHOL
npoMucgaoBocTi. O0cAru ii BUPOOHUIITBA Ta BUKOPUCTAHHS MOMKYTH KOHKY-
pyBaTu Juile i3 cyab(aTHOI KMCJIOTOIO.

« HatiBaskImBiIlie 3acToCyBaHHSA HiTPaTHOI KMCJIOTH — OJIEPXKAHHS a30T-
HUX Ta KOMOiHOBaHUX MiHEpaJbHUX TOOPUB.

« Y cyMminri 3 KOHIIEHTPOBAHOIO CyJIb(ATHOIO KNCJIOTOI (HiTpyroda CyMiIr)
HITpaTHY KHCJIOTY BUKOPUCTOBYIOTH JIJId HOOYBAHHSA TOIIMPEHUX BUOYXOBUX pe-
YOBUH — TPUHITPOTOJIYEHY, TPUHITPOIJIIIEPOaY, TiPOKCUIIHY, TeKCOTeHY TOIITO.

« HiTpatTHy KMCJIOTY BUKOPHUCTOBYIOTH MAJIsI BUPOOHUIITBA opTOodochaTHOl
KucsaoTu 3 hocopy, a B MeTayprii — IJIsA PO3MiJIeHH CyMiIlri 3010Ta ¥ cpibuia.

- Tak 3BaHy UYe€pBOHY AMMJIAYY HITPATHY KHUCJIOTY BUKOPUCTOBYIOTH SK
OKUCHUK PAKeTHOIO ITaJINBa B IeAKUX MOJEJIAX PiAMHHNX PeaKTUBHUX IBUTYHIB.

 Binmp1ricTs AckpaBux 0OapBHUKIB IJIs TKAHUH, IIJTaCTMAC, IIalepy — Ie
CKJIafgHi HiTporeHoBMicHI opramiumi cmonykm. IxHi#l cuHTes HeMOMKIMBHII
0e3 BUKOPHCTAHHS HIiTPAaTHOI KHCJIOTH K HiTpyiouoro arernra. Kpim Toro,
ii 3aCTOCOBYIOTh V¥ BUPOOHUIITBI JIiKiB, mjaacTMac i BOJIOKOH.

%

KniouoBa iges

OcobnnBoCTi eneKTPoHHOI OyfoBM aTOMIB Ta BUCOKI CTYNiHb OKWCHeHHA HiTpo-
reHy 3yMOBIOKTb CUIbHI OKUCHI BNACTUBOCTI KOHLEHTPOBAHOI HITPAaTHOI KNCIOTN.

7
-9

Q KoHTponbHi 3anuTaHHA

355. CxapakTepusyiite ¢i3nyHi BNAaCTUBOCTI HITPATHOI KMUCIOTU.

356. [NopiBHANTE XiMiYHi BNAaCTMBOCTI HiTPaTHOI Ta CynbdaTHOI KMCNOT.

357. Ak 3anexaTb NPoAYyKTU B3aEMOZil HITPAaTHOI KMCNOTK 3 MeTanamMu Bif, akT/B-
HOCTI MeTaniB i KOHUeHTpaLii Kncnotu?

358. CxapaKkTepusyinTe 3aCTOCYBaHHA HITPATHOI KMCOTK.
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3aBAaHHA ANA 3aCBOEHHA MaTepiany

=== 359,

360.

361.

362.

363.

364.

PTyTb B3aEMOAI€ 3 KOHLEHTPOBAHOW 1 PO36aBNeHO HITPAaTHOW KMUCIOTaMu
noAibHo JO Migi. 3anuwWiTe PIBHAHHA peakLii.

3anuLiTb PiBHAHHA peaKLuin HiTpaTHOI Kncnotu 3 Kynpym(ll) rigpokcnaom, marHin
OKCMZOM i HaTpiil KapOOHATOM Y MONEKYNAPHIN i NOHHO-MONEKYNAPHIN Gopmi.
3 AKMMW peyOoBMHaMK, HaBedeHMY B MepeniKy, HiTpaTHa KMUCI0Ta B3aEMOJIE
AK OKWNCHUK, @ 3 AKUMWN — AK CUNbHA KncnoTa?

Migb, kyrnipym(ll) okcug, depym(lll) rigpokcuna, Byrneub, KanbLiin kKapboHar.
3anuwWiTb PIBHAHHA peakui Ana 34inCHeHHA NepeTBOpeHb:

a) N, = NH; — NO — NO2 - HNO3 - NH4NO3;

6) KNO; — HNO, — NO — NO, — NaNO, + NaNO,;

B) Cu > NO, — HNO, — Ba(NO,), — KNO,.

I3 TekcTy naparpada BUNULITb PIBHAHHA OKMCHO-BIAHOBHUX peakLii Ta ckna-
AiTb ANA HUX eNeKTPOHHUI GanaHc. YKaXiTb OKUCHMK Ta BiAHOBHUIK.

AMOHIaK MOXHa OfepaTh HarpiBaHHAM amMoHili opTodpocdaty. A ans fobyBaHHA
Oro 3 aMoHiln Xnopray OCTaHHin HeobXigHO NonepeaHbO 3MILLATY 3 Nyrom. K Br
BBaXaeTte, Yomy? Cknagitb PIBHAHHA peakLii po3knafaHHA aMoHin opTodpocdaty.

KomnnekcHi 3aBgaHHA

365.

366.

367.

368.

O6uncniTe Macy HaTpill HITPaTY, WO MOXHa OflepKaTy HeTpanisauielo po3uu-
Hy HaTpin rigpokcuay macoto 200 r i3 MacoBot YacTKol Nyry 4% HiTpaTHO
KNCNoTol0.

CnnaB 3050Ta 3i CpibrIOM Ha3NBalOTb N1eKTPYMOM. 3pa3oK Takoro CriaBy Ma-
coto 1,5 r 06pobunM KOHLIEHTPOBAHOW HITPaTHOW KucnoToto. Mpu ubomy BU-
pinueca HitporeH(lV) okcna o6'emom 89,6 mn (H. y.). O6UMCAITL MAacoBYy YacTKy
30/10Ta B LibOMY 3pa3Ky efleKTpymy.

O6uncniTb Macy HiTPaTHOI KMCNOTK, AKY HU3KOK NepeTBOPEeHb MOXHa Jo-
6yTn 3 amoHiaky o6’eMom 5,6 11 (H. y.), AKLLO BiZHOCHUI BUXiA NPOAYKTY pe-
akuii ctaHoBUTb 78 %.

3Millany po3uYrH HITPATHOI KACNOTU Macoto 48 T i3 pO3uMHOM Kanin rigpokcnay
Macolo 56 1, e MacoBi YaCTKN PO3UYMHEHUX PEUYOBUH JOPIBHIOWTb 26,25% i 16%,
BignogigHo. O6UMCiTb Macy PO3YMHEHUX PEYOBKH B OTPVIMAHOMY PO3UVHI.

§ 26. ®ochop

Mocoop

dDocphop

— eqemeHT 3 nepiony VA rpynu. BiH € eJIeKTPOHHUM aHAJIOTOM

Hirporeny, Ha 30BHIIIIHbOMY €HEPreTUYHOMY PiBHI HOro aTOMiB TaK0K I’ ATh

eJIEeKTPOHIB,

i3 AKX Tpu — HeclmapeHi. 3aBAaxu mbomy Pocdop peasizye

BaseHTHicTh III Ta crymeni okucHeHHsa —3 Ta +3:

WP e[y [T[T[T] [ [ [ ]  1st2s2pastsp?
S p d




§ 26. ®ocdop

Ane, mHa Bigminy Bigm HiTporeny, Ha soBHimuEboMy piBHI @ochopy € Biab-
Hi d-opbiTaJi, AKi 3aIl0OBHIOIOTHLCS PO3MAPOBAHUMU eJIEKTPOHAMM IIiJ uac
mepexony aroma y 30yIsKeHHU cTaH. ¥ boMmy craHi Pocdop peanrizye Ba-
JeHTHicTh V i CTYyIiHb OKUCHEHHS +5:

5P s[T] [T[T[7] O [ [ [ ]  1s?2s?2p°3s'3p%8d!
s P d

Veci cmonykru @ocdopy moBoJIi critiki. BaraTo 3 HUX TpanasaeTbCcAa y IPU-
poni.

AnotponHi mogudikauii Gochopy

dDocpopy, AK i baraTboM ejleMeHTaM, BJIACTHBA aJOTPOIid — BiH yTBO-
proe mekinbKa mpocTuX peuoBUH. CHOTOMHI JOCTEeMEHHO He BiJOMO, CKIIBKU
icuye amorpomHux mMommdikariit @ochopy, ajge 3a3BUUYAN BUALIAIOTH YOTUPU:
O0inuii, uepBOHUI, YOpHUU i MeTagiuHuii Gocdop. Ileprmri Tpu pedyoBUHU
icHYyIOTH 3a 3BHUAHUX YMOB, a OCTAHHA — JIWIIE 3a HAJBUCOKOTO TUCKY.
Izoni ix mIe Ha3WMBaIOTh MOJOBHUMU MOAMGDIKAIiAMY, IPUITYCKAIOUN, ITI0 BCi
iHII € pPi3HOBUAAMM ITNX UYOTHUPHOX.

Binuii ¢ocdop P,

- BesbapBHIII, BOCKOIOMIOHMIT, Ha CBITJIi IIIBUAKO KOBTi€
i BTpauae mpo3opicTh;

M’ KU, MOYKHA PO3pisaTu HOMKeM;

* Ma€ MOJIEKYJISIPHI KPUCTaJIUHI I'PaTKM 3 TeTpaeapuy- Q! ’
HUMU MOJIEKYyJIaMu P4 y By3Jax; VoS E

<t = 44,1°C;

* HEPOBUMHHUN y BOMi, POSUMHAETHCA B OPraHIUHUX
PO3UMHHUKAX;

rycruHa 1,82 r/cm3;

BOTHeHeOe3IIeuyHnli, 3aliMacThCAd HaABIiTH BiJl TEIJIOTU

JIOACHKOTrO Tijla, TOMy #Woro 36epiraroThk mif Iapom

BOIU;

Ha IOBiTPi MOBLJIBHO OKMCHIOETHCA, MalKe BCA eHep-

riga 1miei eksoTepMiuHOI peakIlii BUIiIAeTHCA Yy BU-

TJIAL cBiTJIa, IKe BUOHO B TeMpPsBi;

OTPYHHMIL, cMepTeJabHA A03a IJiA gopociol joaunn 6ausbko 0,05-0,1 1
YTBOPIOETHCA 3 UepBOHOTO (docdopy IiJ yac TpUBAJIOTO HArpiBaHHA
3a temneparypu 240-250°C B iHepTHili aTmocdepi.
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Yeprouuit docdop (P,)_

« AMop(dHUTT uepBOHO-()i0JETOBUI TOPOIIOK 3aJIEKHO
Bifi cTymeHs moApiOHEHHA MOKe OyTH Bim mypmypo-
BO-YEPBOHOTO 10 (PioJIeTOBOTO KOJIBOPY, TOMY YEPBO-
HUM Gochop iHOAI HasUBaWOTH (PioJIETOBUM;

* KPUXKWI, Ma€ aTOMHI KPUCTAJiuHI I'DATKU;

* TeMIOepaTypu IJIaBJIEHHSA He Mae, 3a TeMIepaTypu
240-250°C cyb6uiMmye 1 mepeTBOPIOETLCSA Ha BHUIIApPU
6imoro dochopy;

- ryctuHa 2,4 v/cM%;

* HEOTPYUHII;

+ XiMiYHO MEHIII aKTUBHUI 3a 01InI, 1Or0o MOXKHA 30e-
piratu Ha TWOBIiTpi;

* i yac 30epiraHHsA HA IOBITPIi IIOCTYIIOBO OKMCHIOETHCS
3 YTBOPEHHAM TiIDOCKOMIUYHOTO OKCUIY, IIOTJIMHAE BOAY 3 ITOBITPsA 1 Bim-
BOJIOJKYETHCSI, TOMY HOro HeoOXimHO 30epiraTu B repMETUUYHOMY MOCY/Ii;

* YTBOPIOETHCS 3 0itoro pochopy i uac HECUJIBHOTO TPUBAJIOTO HATpi-
BaHHAI.

B 4

Yopuuii docdop P_

« HopHa peyoBUMHA 3 MeETAJNIUHUM OJIMCKOM, KUDHA
Ha AOTUK (cxoika Ha rpadir);

Ma€ aTOMHI KPHUCTAJiIUHI I'DATKHU, IO CKJIAJAIOTHCHA
i3 mapiB aTomiB Pochopy;

t. = 1000°C sa tucky 18 artm.;

I
He PO3UMHSAETHCA B KOJHOMY POSUMHHUKY i BaXKKO

BCTyIIa€ B XiMiuHi peakririi;
ryctuna 2,69 r/cm3;
BUABJISIE HATIBOPOBIZHMKOBI BJIACTUBOCTI;
HEOTPYNHUI;

* YTBOPIOETHCS 3a BUCOKOro Tucky (20 twmc. aTm.)
i3 Gisoro i uepBOHOTO (hochopy.

Meramiunuii ¢pocop

- Cipa peuoBrHA 3 MeTaJiYHUM OJUCKOM;
- ryctusa 3,56 r/cm3;

* IIPOBOAUTH EJEKTPUUYHUNA CTPYM;

* YTBOPIOETLCA 3 YOPHOTO IIiJ THCKOM OJM3BKO
1 mau atMm.



§ 26. ®ocdop

..‘f

MowwnpeHicTb Ta 6ionoriyHe 3HayeHHsA
Docdopy

Ha Bigminy Bixg Hirporeny, dochop
CTIAKMHA y BHUIIOMY CTyIeHI OKWUCHEHHS
+5 i mecrifikuit y mpoctiii peuoBuHi. Tomy
B IPUPOIL BiH TPAILIAETHCA BUKJIIOYHO Y BU-
raAai comen oprodocdaTHOl KUCIOTU — Op-
TodpocariB. YV Harriii KpaiHi po3poOJIaiOTh Man. 26.1. MpoaykTa,
BesukKi pogosuiia (ocdopury Cay(PO,), WO MOMOBHIOIOTL yMicT Docdopy
(Ilpupuinpor’s, Ilpukapnarrs, IIpugHicT- B OpraHiami noguH1
poB’s, Moubac, XapkiBcbka Ta CymcbKa 006-
aacri) Ta anatuty Ca,(PO,);OH (Ilpuasos’s).

dochop € HezamiHHUM OioreHHUM ejeMeHTOM. B oprauismi mopocsoi
aoauau Mictutbesa 6ausbko 700 r aromiB Pochopy. Ilsg maca socepemxe-
Ha IepeBa'KHO B KicTKax, Aki Ha 60 % CKJIaZaroThCsa 3 TiAPOKCUAIATUTY.
dDayopanaTUT 3yMOBJIOE MIiITHiCTh 3y0iB.

Dochop MicTUTBCA TAKOK Y CKJIA1l HYKJIETHOBUX KUCJIOT, pocoimiais,
depmeHTiB Ta KopepmenTis. IToxigui oprodocdaruoi kucaotu (ATP ta AIIP)
3a0e31euyIoTh HaKONUUeHHA KiaitTuHamu eHeprii. Illogusa opraxism JogmHn
BTpavae 0sm3bko 1-2 r @ocdopy, ToMy IId KiJIbKiCTh Mae IOIOBHIOBATUCA
3 ixkero. Barari ma Pochop MOJOKO I MOJOUHOKUCIL HTPOAYKTU, TOPiXmU
i Hacimusa, meuiHka, KBacoJssa Ta puba (mana. 26.1).

OcobnueocTi opTodocdaTHOT KMCNOoTK

3-IOMiXK KMCJOT, sIKi B BHBUYaETe B HMIKiJIbHOMY Kypci ximii, opTodoc-
daTHAa KKCJIOTA — €QUHA TPHOXOCHOBHA. BOHA AMCOIliI0€ 3a TPHhOMA CTAisIMMU:

H,PO, 2 H' +H,PO,
H,PO, 2 H" +HPO}
HPO? = H' +P0O?
3a mepimoio cragieio oprodgochaTHa KUCIOTA € KUCIOTOIO CEPEIHbOI CUIN
(nucoriroe =15 % wMoJeKyJ1), a 3a ABOMA iHIINMH — CJA0KOI0 (IMCOIlifoe
MiJIbIOHHA YacTKa BiICOTKA MOJIEKYJI).
3aBIAKU CTYIIiHYACTi#l Aucolriaiii BoHA yTBOPIOE TPU BUAU coJjeit (ce-
penHi Ta KucJi):
* oprodocharu: NasPO,, Cay(PO,),;
* rizporenoprodocdaru: Na,HPO,, CaHPO,;
+ purigporenoprodocharu: NaH,PO,, Ca(H,PO,),.
VYei comi oprodochaTHOI KHCIOTH IMiAZAIOTHCA TiApoJIidy, iX PO3UMHU
MaloTh JIyJKHE CcepeoBHUIIe.



3acTocyBaHHA docdhopy

YepBouuii ¢Gochop BUKOPUCTOBYIOTH
y cipaukoBomy BupoOHuUNTBi. Ha cip-
HUKOBY TOJIIBKY HAHOCATH CYMIiIlI
iz OeproseroBoi comi KClOg, cipku
Ta AeAKUX iHIIUX PEeUuoBUH, a Ha OiK
KOpPOOKM — cyMmim yepBoHOTrO (hoc-
dopy 8i cragHOIO KpuxToio. Ilix uac
TepTA cipHUKA 00 KOPOOKY Gocdop
3amaJIlEThCA BHACJIJOK peakIrii:
5KCIO,; + 6P = 3P,0, + 5KCI.

Binuit dpochop — roprmua peuoBUHA,
TOMY HOTO BUKOPUCTOBYIOTH IJIS BU-
TOTOBJIEHHSI 3aIlaJl0BaJbHUX 0O0MO.
I3 uepBoHOTrO (hoCchopy BUTOTOBIAIOTH
3amnaJrroBaJIbHI CyMillli, TBep/e IaJanBo,
a TAaKOK JesdKi MacTUJIbHI MaTepiaiu.

Benukux kinbKocTelr yepBOHOTO (hoc-
dopy moTpebye BUPOOHHUIITBO OPTO-
docharHoi KmciaoTu Ta (dochaTrHUX
noopuB. Tako:k Ha BUTOTOBJIEHHS
MiHepaJbHUX JOOPUB BUTPAUYAIOTHCA
MaiKe Bci ocdopoBmicHI mimepasu,
110 mo0yBaloTh y CBiTi.

Yucty oprodocdaTHy KHUCIOTY BHUKO-
PUCTOBYIOTH ¥ XapUOBiil TPOMUCIIOBOC-
Ti AK PEryJasaTop KUCJIOTHOCTI Gesa-
KOroJIbHUX HamoiB (mob6aBxa E338).

Kanpiiii oprodgocdar € crIazoBoro
3yOHUX IIacT, MaTepiaiiB AJA TJIOM-
OyBaHHA 3y0iB, BiTaMiHHUX HD00ABOK
IJIS JOMAIIIHiX TBapUH.

Harpiit opTodocdat 3aCTOCOBYIOTH IJIA
3aXUCTY 3aJi3HUX BUPOOiB BiJ KOpoaii,
BiH MiCTHUTBCS ¥ CKJIadi MUIOUMX 34CO-
0iB, BOrTHeTpUBKUX (apb.




§ 26. ®ocdop

KniouoBa iges

Pazom i3 HitporeHom Ta Kap6oHom Docdop € enemMeHTOM XKUTTA.

KOHTpONbHI 3anuTaHHA

369. CxapakTepu3yiiTe BaNeHTHI CTaHU Ta MOXUBI CTyneHi okncHeHHA Qocdopy.

370. Aki icHyloTb anoTponHi moguoikauii Gocdopy? AK BOHM Bigpi3HATHCA 3a Xi-
MIYHOI aKTUBHICTIO?

371. CxapakTepu3syiiTe nowmrpeHicTb Ta b6ionoriyHe 3HaueHHs Qocdopy.

372. ki Buan coneit ytBoptoe optodpocdartHa Kucnorta?

3aBAaHHA ONsA 3aCBOEHHA Ma'repiany

373. Bri3HauTe CTyneHi OK/CHEHHA eNeMeHTIB Y CrnonyKax: PCIS, PO,F, POCI3.

374. 3anuwiTb PiBHSAHHS peakLill ofeprkaHHs TPbOX Pi3HUX coneit 3 opTodocdaT-
HOI KICNIOTY Ta KanbLini okcvpay. Ha3siTb Ui coni.

375. Cknagitb GopmMynun cepefHboro i ABOX Kucimx optodocdatia AntomiHito.

376. Cknapitb piBHAHHA peakuin B3aemogii opTodocdaTHOI KNCNOTK: a) 3 MeTanom;
6) OCHOBHVM OKCWAOM; B) OCHOBOIO; T) Cinio.

377. Cknagitb piBHAHHA peakLii:
a) Zn + H,PO, —  B) Na,CO, + H,PO, — NaH,PO, + ...T + ...
6) Ca + H,PO, — ) AI(OH), + H,PO, — ...d + ...

378.1Mig uyac 3ropsaHHA 6Ginoro ¢ochopy 3a HecTaui KWUCHIO YyTBOPLETbCA doC-
dop(lll) okena. Bzaemopitoun 3 Bogotwo, BiH yTBOpIoE GocdiTHy kucnoty H,PO,.
3anuwiTbh PiBHAHHA peakKLii.

379. Mig vac HarpiBaHHA docdopy i3 cipkoto yTBOploeTbCa cynbdig P,S.. 3anuwitb
PiBHAHHS peaKLil, CKnagiTe AN HbOro eNEeKTPOHHMI GanaHc.

KomnnekcHi 3aBgaHHA

380. O6uncnitb macy P,O, Wo yTBOPUTLCA Mif Yac cnantioBaHHa Gocdopy macoo 9,3 T.

381. Y kucHi cnanunun yepsoHuin docdop macoto 9,3 r. ObUMCNiTb Macy PO3UUHY
opTodochaTHOI KNCIOTM 3 MAaCOBOI HacTKo 24,5 %, AKMIA MOXKHa NPUroTy-
BaTW, BUKOPVCTOBYIOUM NMPOAYKT 3rOPSAHHS.

382.13 docdop(V) okcnay macoto 42,6 r ogepxanu optodpocdaTHy KMCIOTY Macoto
55,86 . O6uncniTb BiAHOCHWI BUXiL NPOAYKTY peakuii.

383.[na opepxaHHA dochopy BUKOPUCTOBYIOTb pochopnTHe 6GOPOLLHO,
wo mictnTb 15 % iHepTHMX Jomiwok. O6uncnitb macy atomis Qocdopy B Ta-
KoMy 6OpOLIHi Macoto 77,5 Kr.

3aBAaHHA 3 PO3BUTKY KPUTUYHOIO MUCJIEHHA

384. Aki ¢i3nuHi BnactTnaocTi anotponHux moaudikauii ocdopy foBogATL: a) MO-
nekynspHy 6ygoBy 6inoro ¢pocdpopy; 6) aToMHy 6yAOBY UEPBOHOIO Ta YOPHO-
ro pocpopy?

385. Docdop(V) okcuh BUKOPUCTOBYIOTb Y labopaTopil AK ocylyBsau. fKi Bnactu-
BOCTi € MIArPYHTAM AnA uboro? AKui i3 HaBefdeHWX rasiB — a30T, BOAEHb,
aMOHiaK, BYIMEKUCANIA Fa3 — He MOXKHa OCyLlyBaTW B TakKui Cnoci6?



TEMA 4. HEOPTAHIYHI PEYOBWHW | TXHI BNACTMBOCTI

386. AKLIO HIT CBiUKM 3MOUMTM po3urHOM binoro ¢ocdopy B CipkoByrneLi, To yepes
NeBHMIN Yac CBiYKa camo3aliMeTbCA. 3arnpPOnOHyTe NOACHEHHA LibOMY ABULLY.

387. [leski nogn BBaXkaloTb, WO Lupepbnat roavHHUKa 1 iHWi pedi, AKi CBiTATbCA
B TempABi, NokpuTi dpocdopom um cnonykamm Qocdopy. Tak camo i y TBOPI
KoHaH [ownna «Cobaka backepBini» HanuMcaHo, Wo cobaka BUMMSAAB XKaxn-
BO 3aBAAku cnonykam Pocdopy, AKi cBiTMANCA B TeMpABi. K BN BBaxaeTe,
4y MOXJIMBO Lie Hacnpasgi?

MiHi-npoekTn

388.Y popatkoBUX [pKepenax 3HangiTb iHGopmauio npo BigkputTa dpocdopy Xe-
HiHrom bpaHfTom. fKi, Ha Bawy AYMKY, XiMiYHi NepeTBOPEHHA MOXYTb OyTu
OCHOBOIO TaKoro Crnocoby noro opgep»aHHA?

§ 27. MiHepanbHi gobpuBa

MpurapaiTe: KNCIOTHICTb CepefoBULLa KiNTbKICHO XapaKTepu3yioTb BOLHEBVM MOKas-
HUKOM pH: HelTpanbHOMy cepepoBuuy Bignosigae pH = 7, kucnotHomy — pH < 7, nyx-
HoMy — pH > 7.

MNoHATTA NPO KUCNOTHI Ta NYXKHI I'PYHTU

Ximiuauil cKJax i KIiMaTUYHI YMOBU 3yMOBJIOIOTH Pi3HY KWCJIOTHICTH
rpyuTiB. IligBuInieHa KUCJIOTHICTD UM JYKHICTH I'PDYHTIB BIJIMBA€ Ha POMIIO-
yicTh pocauH. ¥ CiIbCbKOMY rocmogapctsi rpyutu 3 pH = 6,6 Ta MeHIe
BBaYKAIOTh KUCJLOMHUMU, & 3 PH > 6,6 — ayxcrnumu.

KncnoTHicTb rpyHTiB

@ — pyxe KUCNOTHI Ta cepefHbOKUCNOTHI (pH<5,1)
— cnabkokucnoTHi (pH = 5,1-5,5)

@ — 6nu3bKi fo HenTpanbHux (pH = 5,6-6)

® — HewnTtpanbHi (pH = 6,1-7)

@ — cnabkonyxHi (pH = 7,1-7,5)

® — cepepHbonyxHi (pH = 7,6-8,0)

® — cunbHonyxHi (pH>8,0)

Man. 27.1. KncnotHicTb rpyHTIB YKpaiHu



§ 27. MiHepanbHi fo6pviBa

3mina pH rpyuTy BuniamBae Ha 3a0e3lledyeH-
HS POCJUH KJIOUYOBUMU TOKUBHUMU eJIeMeH-
TaMH’: IXHS JOCTYHHICTHL ab0 3HMIKYETHCS, abo
OiIBUMIYEThCA HACTiIBKU, IO IIi eJeMeHTH
CTAIOTh TOKCUYHHMU [JId POCJUH. ¥ KUCJIOT-
HUX TI'PYHTaxX HaAMipHa KOHIIEHTpAIlis KaTio-
miB Al3*, Mn?2*, Fe?*, a xariomi Ca?', Mg?*,
Mo2"— wmenma 3a HopMy. Y JYXKHUX I'DYHTax
HaBmaku. TaKoK y JYKHUX I'PYHTaX oprodoc-
daT-ioHU HEepPexonATh A0 CKJIAAy HEPO3UYMHHUX
oprodocparis, mo crBopioe medinur Pochopy
AILA poc‘HHH'_ . L. Tepil NOrMHaTb a3oT MNOBITPA

KucnorricTs Takoxk BmiMBae Ha Gionoriumi NepeTBOPIOIOTH I0r0 Ha Cro-
Ipolecu B IPYHTaX, HA PO3BUTOK XBOPOOOTBOD-  nyku HitporeHy, ki ayxe Heob-
HHX OPraHi3Ml1B, a TaKOXX Ha KUTTEILAJIBHICTH XiAgHi AnA po3BUTKY POCINH
azordikcyounx 6axTepiit, AKi PO3BUBAIOTHCS Ha
KopeHAXx 0000Bux (Majy. 27.2). AKTHUBHA OidJbHICTH a30T@iKkcyrumx Oak-
Tepifi 3HMIKYyEe MOTPeOdy y BUKOPHCTAHHI asoTHHUX moOpuB. AJje Ii 6akTepii
Io0pe MOTJIMHAIOTHL a30T Y HEUTPAJSbHUX Ta JYKHUX I'DYHTAX, a B KUCIUX
iXHA OiAJbHICTL IPUTHIUEHA.

IpyHTH, AKi YTBOpDEHI HA BAIHAHUX IOPOAAX, BiJl CAMOrO IOUATKY MAIOThH
BUCOKi 3HaueHHs pH, a KucCJOTHI I'pyHTH (POPMYIOThCA 34e0iJLIIIOro Ha rpa-
HiTax Ta mMmaHuKy. ¥ padioHax 31 3HAYHOIO KiJIBKICTIO omafiB Bif0yBaeThbCcsA
IIOCTYIIOBE 3aKUCJEHHS JY)KHUX I'PyHTiB. KucjaorHicTh I'PpyHTIB HaBUYMINCA
peryJjamoBaTi arpoximMiuHuMuy 3acobamu. 3 omajzaMu [0 I'PYHTIB IOTPAILISIOTH
Pi3Hi KHUCJIOTHU, a 3 TOCUJIEHHAM aHTPOIOTE€HHOTO BIIMBY KiJIBKiCTh KUCIOTHUX
omafiB mefasi 301JIbITYEThCS, TOK IITYYHO IMiABUIIYBATH KHUCJOTHICTD I'PYHTIB
HeMae moTpeOu. HaBmaku, 3asBuuail € HeoOXigHicTh 3MeHIIyBaTu ii, TOMy B
I'PYHT BHOCATH BAITHAHI cyMmimri: KajapIliii Ta Mar"iii xapooHatu. OcKiabKu
ClJIBCBKOrOCIOAAPChKi Yyrifmsa Bce OMHO HeoOXiaHo 30arauyBaTu MiHepaJIbHIMN
IoOpuBaMu, TO HaWKpallle BUKOPUCTOBYBATH TaKi HOOpMBA, II[0 MOMKYTh HEM-
TpajisyBaTH HAAJIUINOK KUCJOT Yy I'PYHTi, HAIIPUKJIAL aMOHIaK a00 IpeIuIriTar.

Man. 27.2. Asotdikcytoui 6ak-

MoHATTA Npo MiHepanbHi 4O6prBa

Vei ximiuni eemenTu (3a BuHATKOM Kapbony i wacTkoBo OKcureHy) poc-
JUHU OEeP:KYIOTh i3 I'pyHTy. HacTo B I'PyHTax, 0cOOJIMBO B pasi iX HepaIlrio-
HAJBHOT'O BUKOPUCTAaHHSA, 3MEHITYETHCA KiJIBKICTh TOKUBHUX PEUOBWH, HACAM-
nepen cunoayk Hirporeny, @ochopy # Kasito. [I1a migBuilleHHsa BPOKAXHOCTI
IIi eJeMeHTH BHOCATL y I'PYHT IITYYHO V BUIVIALL Pi3HMX HeopraHiuHmx abo
OpraHiuHUX CIIOJYK, AKi B arpoHoMii 3a TpaauIlieio Ha3MBAIOTH 3arajJbHUM
TepMiHOM — wMmiHnepanbHi 0obpuea. Bupobieni ximiumOI0 IpOMHCIOBicTIO
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IoOpWBa IOAINAIOTHL HA npocmi, AKi MiCTATH
onuH mokuBHUU ejlemeHT (Hitporen, ®ocdop
abo Kauiti), i komnaexcri, o MicTATh JeKiTbKa
HOKUBHUX €JIEMEHTIiB.

HajiiBa:kaIuBiIMMu T00puMBaAMHU €:

« HiTpaTH JYKHUX €JEeMEeHTiB Ta aMOHia-
Ky (ceaiTpm) — IiHHI IpupomHi a3oTHI H00pH-
Ba, a KaJiil HiTpaT A0 TOro K imie i KajiiiHe

ApTTypi Inmapi BipTaHeH IoOPUBO;
(1895-1973) + (dochopuTHe GOPOITHO — MPOAYKT IIe-
Jlaypeat HoGeniscbKkoi Mpemii  pepobru KicTok moMamiuboi xyzo6u. I'osos-

1945 p. 3a MeTOA KOHCepBaLlii

| HOIO HOT'0 IIepeBaroi € IIOBiJbHEe PO3UMHEH-
KopMmiB

HsA B I'PYHTi, mjo 3abe3lmeuye TPUBAJY [Iil0
InoOpuBa;

+ kapbamig CO(NH,), (ceuoBuna) — BUCOKOe(eKTHUBHE a30THE J0OPUBO,
AKe 3a BMicToM HiTporeny mepeBepiilye aMOHiauHY CeJiTpy; MOTr0o 3aCTOCOBY-
OTH IIePeBaKHO AJIA BUPOIIYBaHHS KapTOILIi, KYKYPYA3u, OYPsAKY Ta PUCY;

* mpoctuii cymepdochar — cymim Ca(H,PO,),H,0 ta CaSO,; y HBOMY
manuii ymict @ocdopy (20-30% y mepepaxynry ma P,0O;), ame Bin mocuTh
e(eKTUBHUN HaA JYKHUX I'DPYHTAX;

- moABiliHUII cymepdocdaTr — KOHIIEHTpoBaHe ¢ochaTHe HOOPHBO, AKeE
Io0yBawTh i3 mpupomsHux oprodocdarTiB miero oprodochaTHol KucIOTH; 6a-
rate Ha Pocdop (mo 50 % y mepepaxynry Ha P,0,);

+ npenunitar CaHPO,-2H,0 3a cBoiMu arpoxiMiuyHMMHU BJIACTUBOCTAMMU
monioHui mo mojaBilitHOro cymepdocdary. Bim HeposumHHUN y BOmi, aJje
3aCBOIOETHCA POCJAMHAMM Ha KHCJOTHUX T'PYHTax. Uepe3 BHUCOKY BapTicThb
(v mBa pasu DOPOKUMI 3a MOABiliHHI cymepdocdar) mpenumiTar o0MeKeHo
BUKOPHUCTOBYIOTH Y CiILCBKOMY I'OCIIOZIapPCTBi;

* KaJIifi XJIOpUA Ta KaJiii cyabdar — epeKTHuBHI Kamiiimi mobpuBa, Io
BUKOPUCTOBYIOTh AK Y KPHUCTAJIUHOMY, TaK i B PO3UMHEHOMY BUTIJIAII;

+ amodoc (cymim NH,H,PO, i (NH,),HPO,) — BuCOKOeheKTHBHE
CKJIaZHE asoTHO-(PocdaTHe HJOOPUBO, AKe N00YyBAIOTh HeHTpasisallieo opTo-
¢ochaTHOl KMCIOTH aMOHIaKOM;

- HiTpoamodocka Ta amodocKka — CKJIaIHI BUCOKOE(PEKTHMBHI ITOTPiiiHi
mobpusa, 1o mictaTh HiTporen, @ochop ta Kasmiii.

Okpim romoBHux moskuBHUX ejaeMmeHTiB (N, F, K), mnaa HopmajabHOTrO
pOCTy pocJimHaM IIOTPiOHI TAaKOMK iHIINI ejleMeHTH, ajie B 3HAYHO MEHIIIUX
KimbKocTax (y Mikpomosax um yabTpaMikpomoszax) — Pepywm, lluak, Man-
rad, Momi6gen Toiro. 3ajeKHO Big XiMiuHOro CKJIaAy I'PYHTIB CIOJYKH
IUX eJIeMEeHTiB HeoOXiJHO JomaBaTH B HEBEJIUKUX KiJIBKOCTAX IO OCHOBHUX
MiHepaJbHUX JOOPUB.
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Mpobnemn paLioHanbHOro BUKOPU-
CTaHHA MiHepanbHUX obpus

Y pociamHax min miero creriagdbHUX (ep-
MEHTIB HiTpaT-i0OHM BiJHOBJIOIOTHCS IO aMO-
HiaKy, AKUN y CBOIO UEPry IEePEeTBOPIOETH-
cd Ha OPraHiuHi HiTPOTeHOBMIiCHi CIIOJIYKH.
Y pasi BHeceHHA B TI'PYHT HAAJUIIKY HiT-
paTHUX MOOPUB, HIiTpPaATH HAKOIMUYYIOTHCS
B POCJMWHAX, 3BiIKM MOTPANIAITH B Opra-
HizM JgogmHB. ¥ BEJIHKHUX KIJIBKOCTAX Hi-
TpaTu HeOe3MmeuHi AJA 370pOB’s, IX IIPU-
mycTmMa Ao0OBa [103a CTAaHOBUTH OJIM3BKO
0,3 r. Haibinbire HiTpaTiB HAKOIUUYETH-
CA B JIHCTKaX IMINHATY, cajaaTy, KallyCTH,  Man. 27.3. PocivHy, 3eneHi Yactu-
MeTPYIIKU, KPOIY, KOPEHEIJIONaX MODPKBU HW AKMX HAKOMWUYIOTb HITpaT
# peaucy (mas. 27.3). B 1 Kr mux mpogyKTiB
MOJKe MicTuTucs no 4 r HiTpar-ioHiB, 110 6iabin Hixk y 10 pasiB mepeBuriye
MIPUIIYCTUMY A00OBY M03Y.

Taxo:k HeoOXigHO paIllioHaJbLHO MOBOAUTHUCA 3 (hochaTHUMU JOOPUBAMMU.
Kamns1iii oprodocdart ay:xe moraHo po3UNHAETHCSI ¥ BOAi, TOMY IOBiJIbHO 3a-
CBOIOETHCA pocamHamMu. [ migBuineHHA e()eKTUBHOCTI KaJbIlifl opTodocdar
IepPeBOAATDH Y OiJIbINI PO3UMHHI coi — rigporexoprodocdaru abo AUTiAPOTeH-
oprodocharu. Aje B IIbOMY BUIIQIKY JOOPUBA JIETKO BUMUBAIOTHCA 3 I'PYHTY
moireM abo I'PYHTOBMMM BojaMu y Bopolimu. lle cmpuumHsie, mo-mepiie,
HeOoOXiZHIiCTb HOZATKOBOTO BHeCEeHHsS (pochaTHUX moOpPUB y I'PyHT (y cydac-
HOMY CiJILCBKOMY I'OCIIOZAPCTBi POCIMHAME 3aCBOIOEThHCA He 6inbime 20—40 %
BHeceHuUxX (ochaTHUX A00pUB), a HO-APyre, IMiABUINEHHS KOHIIEHTpAaIlii
oprodocdaTiB y BogoiiMax. SHAUHUNA yMiCT
oprodochar-ioHiB y BOAi CHpPUAE PO3BUT-
Ky *KHBUX OPTraHi3MiB, IO IPU3BOAUTH IO
HaJAMipHOTO PO3POCTAaHHS MiKpPOOpTraHisMiB
i Bomopocreii. IIpo Take sBuUIlle TOBOPSATD,
1o Boja «ImBiTe» (Mamx. 27.4).

Omke, MiHepaJIbHI H0OpMBaA HaA3BUYAM-
HO BaKJIMBi [OJid BUPOIIYBaHHS 0OaraToro
BposKaro. Auie mocrae mpobjemMa IIBUKOTO
BHUCHAKEHHS IIOKJaniB (ochoputiB i meda-
JKAQHOTr0 3HAYHOIO 301JIbIIeHH KOHIIeHTPAIlil Man. 27.4. LIBiTiHHA BOAM B piuLi
pisHuUX ¥OHIB y BOJOIIMax, 30KpeMa OpTO- BHAC/iAOK HAAMIPHOI KOHLEeHTpaLil
docdaris. optodocdat-ioHiB
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s

KnwouoBa igesa

BrikopurcTaHHA MiHepanbHUX AO6PUB € NPUKNAZOM NPobaemu, Wo incTpye Heob-
XifHICTb JOTPUMAHHA MPUHLMMY 30510TOI CepeayHN.

KoHTponbHi 3annuTaHHA

389. ki peyoBMHN Ha3MBaloTb MiHepanbHUMK fobpuBamu? Ha aki rpynu ix nogi-
nATb?

390. CxapakTepusyiite BijoMi BaM Ao6puBa: IXHI XiMiYHMI cknag i ocobnmeocTi
3aCTOCYBaAHHA.

391. Aki Nnpobnemu NocTalOTb Mifl Yac BUKOPUCTaHHA MiHepanbHUX fo6puB?

3aBAaHHA NS 3aCBOEHHA Ma'repiany

392.06pobka dpocpoputy Ca,(PO,), rapavold KOHLEHTPOBAHOIO HITPaTHOK KUC-
NOTOK 3aMicTb cynbdaTHOI NMPY3BOANUTL A0 YTBOPEHHA PO3UMHY, AKWI Nifg
Ji€l0 aMmOHiaKy NepeTBOPIOETbCA Ha KOMMeKcHe JOOPUBO. 3anuLiTh PiBHAH-
HA peakuin.

393. AMOHIll cynbdaT Ta aMoHiauHa cenitTpa — BaXkNuBi HiTpaTHI gobprea. Ckna-
AiTb NaHUlor NepeTBOPEHb, 3@ AKUMM TX MOXHa ofep»aTtu 3 a3oTy.

394.Cknagitb piBHAHHA peakuin AnA 34iNCHEHHA NepeTBOPEHb:
a) P - P,O, — Na,HPO, — CaHPO, — H,PO,;
6) (NH,),CO; — NH; — NO — NO, — HNO, — NH,NO, — Ca(NO,),.

KomnnekcHi 3aBgaHHA

395. MoXMUBHY LiHHICTb docdaTHMX JOOPUB MPUINHATO BU3HAYATK, PO3PAXOBYHOUN
MacoBy 4acTky P,O, y KOXHOMY 3 HuX. O6umncniTb macoBy YacTky P,O, y npe-
uuniTari.

396. [opisHATe MacoBy 4acTky HitporeHy B ceuoBuHi CO(NH,),, amoHiauHin ce-
nitpi NH,NO, 1a HaTpiesiin cenitpi NaNO,. flke 3 unx A0OPUB Mae HanbinbLy
NOXWBHY LiHHICTb ANA POCANH?

397. lOHMM arpoHOMam fanun 3aBfAaHHA MigrogysaTyt AGMYHIO aMOHiauHOW ceni-
TPOIo, NpuUroTysBaswy po3unH: 1 r coni Ha 1 n Boagn. OfHaK amoHia4yHOI ce-
niTPU He ByNo, i BOHM BMPIWMAW 3aMiHUTK iT Ha KaninHy. AKy macy KaniiHoi
cenitpu Tpeba po3umHUTA B 1 N BOAU, WOO oAepKaThi PO3UMH i3 TUM CaMUM
ymictom Hitporery, wo 6yno notpibHo?

398. PiuHy HOpMy BHecCeHHA B IpyHT ¢docdaTHMX [OOPMB BU3HAYalOTb KiNbKICTIO
P,O.. flka maca npeuunitaty noTpibHa Ans 06pobkm nona naouweto 50 ra npo-
TArOM POKY, AKLWO HOpMa BHeceHHA ¢ocdaTHoro fobprBa cTaHOBUTL 120 Kr
P,O Ha rekrap?



§ 28. Kap6oH

MpurapanTe: 0co6MBOCTI 6yNOBY €NEKTPOHHOI 060NOHKM aToMiB KapboHYy B OCHOBHOMY
Ta 30ygXKeHOMy CTaHax (3a § 4).

Kap6oH

Kap6oun — enement 2 mepiogy IVA rpymnu. MaxkcuMmaibHa BaJIEHTHICTH
Kap0OoHy B OCHOBHOMY CTaHi TOPiBHIOE TPHOM: IBa 3B’ A3KU MOKYTh YTBOPIOBA-
THCA 32 PEKOMOiHAIIHNM MEXaHi3MOM 1 OZMH — 3a JOHOPHO-aKI[eITOPHIM:

C 2 T ] 1522522 p?
5 P

Y 30ym:keHOMY CTaHi Ha B30BHIITHBOMY €HEPreTHYHOMY PiBHI 4oTUpU
HecmapeHi ejqekTponu, i Kapbon BusaBise BajmeHTHicTs IV (muB. c. 15).

B ycix cnonykax (kpim uagmoro rasy) Kapbon yorupuBaieHTHuil. Enek-
TpoHeraTuBHicTh KapOoHy He AyiKe BeJMKa, TOMY B PiBHMX CIOJYKaxX BiH
BUSBJISAE BCi CTYIEHI OKMCHEHH:: Big HMKUoro —4 mo Buimoro +4 (mus. Io-
matok 2). Iz miei sk mpuumnau ansa KapOony He xapaxTepHi O6iHapui foHHI
CIIOJIYKH, OCKiJIbKM BiH yTBOPIOE MHEePEeBasKHO KOBAJIEHTHI 3B’SI3KU.

VHikanbH0I0 ocobsmBicTio KapboHy € yTBOpeHHsS Oy:Ke JOBIMX I'OMO-
JIAHITIOTIB (JIAaHIIOTiB 3 aTOMiB OZHOTrO ejiemMeHTa). ['OMOJIAHIIOTY XapaKTep-
Hi i gna igmux emementiB (Cyabdyp, Cumimiit Tomro), ame Kapbon mosxe
YTBOPIOBATH JIAHIIIOTY, NOBKUHA AKUX MaiiKe HeoOMerKeHa.

Kapb6or Mo)kHa HasBaTU PEKOPACMEHOM 3a KiJBKIiCTIO YTBOPEHUX HUM
ayjorponHux Momudikariii. CborogHi HeBiJoMO, CKiIbKHU iX MOXKe icHyBaTu
BHACJiIOK pidHOMaHITTA criosyueHHs aToMiB KapOony misk coboio. Hatimas-
mimri Bigomi mpocti peuoBuau Kapbony — aamas i rpadir. Aue 3a ocrammi
PoKu OyJio BigKpuUTO Ie 6araTo Momm@ixairii.

Anmas

Anmas (Big maBHBOrpen. adamas — He3JaMHHI) — HaWTBepIimumi
mpupomHU Martepian. BiH Haa3BWUailHO TYTrOmIJIaBKWI, DOI3IJIABUTU MOTO
BHaeThcaA Jauriie 3a Temmneparypu 0ausbko 4000°C i Tucky momanm 100 aTm.
HesBaskaiounm Ha BHUCOKY TBEPAiCTh, ajiMas3 KPUXKUUA — MO0 MOKHA PO3KO-
JOTH HOXXKeM. BiH moraHo IIPOBOAUTHL TEIJIOTY, € HieJeKTPUKOM.

VHiKagbHiI BIacTUBOCTI aIMasdy 3yMOBJIEHI 0COOJIMBOCTAME HOT0 KPHUCTAa-
Jdiuaux rpatok (masa. 28.1, c. 140). Kpucran anmasy saBjIs€ cO00I0 €TUHUI
Kapkac i3 aromi KapObony — came ToMy BiH Mae HaA3BUYANHY TBEPAiCTh.

Anmvas meTacTabiIbHUNA: 3a 3BUYAMHUX YMOB BiH MOKe iCHyBaTH HECKiH-
YeHHO JIOBrO, ajie 3a IIiBUIIEHOI TeMIIEpaTypu IIOCTYIIOBO IIEPETBOPIOETHCS
Ha rpadir.
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Man. 28.1. MpupopHun anmas Man. 28.2. 3acTtocyBaHHA anmasiB: a — Yy TexHiLi;
Ta KPUCTaniyHi rpaTtkyi anmasy 6 — y toBenipHi cnpasi

Y mpupomi anmasu TPAILIAIOTHCSI AYKe PilKO, HepeBasKHO B MiCIIAX
BUXOAY HAa MOBEPXHIO OeIKNX BYJIKaHIUHMUX mopin (KimOepJiToBi TpyOKm),
mioma Axkux imoxai monan 100 ra. Haii6inemri pomoBuina ajgMasiB BUSBIEHO
B IliBmennit Adpumni, Bpasurii Ta Axyrii.

AnMasu 3aCTOCOBYIOTH JJIA PiBaHHA CKJIA, 34 JOIMOMOTOI0 aJIMa3HUX Ha-
KOHEUHHUKIB OypPATH IipCchKi ITOPOAM, CBEPAJIATD i PisKyTh MeTaau i KaMiHb.
IlepcnekTUBHEM € BMKOPHCTAHHS aJMas3iB y MiKpoesexTponiii. Orpameni
OPUPOJHI ajMa3y Ha3MBAIOTh AiaMaHTaMU i IPUKpaIIaloTh HUMU IOBeJipHi
Bupobu (mana. 28.2).

Mpadirt

I'padir, Ha mporumBary aamasy,— Iie¢ M’sdKa PeYOBWHA, 3a TBEPAiCTIO
TOCTYyHAaeThbCcA HaBiTHh mamepy. BiH KUpHUI Ha [OTHUK, Mae MeTaJIiuHU
onuck. Ha Bigminy Bif GisbIiocTi HemeTasiB, rpadiT TpPOBOAUTH €JIEKTPUY-
HUU CTPyM, ajie He TaK Jo0pe, AK MeTaJMN.

I'padit mae mapyBaTty cTpyKTypy — atroMmu KapOoHY B HbOMY YTBOPIO-
oTh miaacki mapu (Man. 28.3). OxkpemMwuii 1ap 3Bepxy Haraaye Om:KOJIUHI
CTiIBHUKMU.

T'pagdir ckmamaeTbeca 3 OKPEMUX JIYCO-
yok. Koau rpaditoBuii osiBempb TOPKAETH-
cA mamepy, YacTUHA JIYCOYOK BaJIUIIAETH-
cs Ha apkymri, yrBopiooouu ciain. Hemapma
cJI0BO «TpadiT» TOXOAUTH Bil T'PEIIBKOTO
«rpado», IO O3HAUAE <«IIUIIY».

3a KiMHaATHOI TeMIlepaTypu M aTMo-
cepHOro THCKy rpadit — I1e HaicTii-
Man. 28.3. MpupoaHuii rpadit kima momupikamia KapGomy. 3a Tucky
Ta KpucTaniyHi rpatku rpadity 50 Tumc. aT™m., TMiABUINEHOI TeMIlepaTypu
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Man. 28.4. 3acTtocyBaHHA rpadiTy: @ — enekTpoAmn ranbBaHiYHUX MPUCTPOIB;
6 — oniBUi; 8 — XapOCTINKi TN ANA BUNNABNAHHA MeTanis

i HagBHOCTI KarajmisaTopa (HiKesl0) y IPOMUCJIOBOCTI OAEPIKYIOTH IIITYUHI
ajrMasu, AKi BUKOPUCTOBYIOTH V TeXHilli. AJjie Maca TaKuX ajJMa3iB He Iie-
pesuiye 0,2 r.

Haii6inbiri noxkaaau rpadity socepem:xeni B8 Kurai (26 % ceiToBux sama-
ciB). B YkpaiHi € mricts pomosuir rpadiry, samacu AKux oiiHIOTL y 20 %
BiZ cBiTOBHX, IO € APYruM IOKasHHUKOM y cBitTi. I xoua Bixm 1934 poky
po3pobiiAeTheA Jullle ogHEe pomoBuile (M. 3aBajisa, KpomuBHHUIbKa 00J1.),
Vkpaina BxoauTh y Tom-10 cBiTOBUX BUPOOHUKIB rpadiry.

I3 rpadity BUTOTOBIAAIOTH €JIEKTPOAU AJA TaJlbBaHIUHMX €JEeMEeHTIiB
i emekTpoJaisepiB, rpudesi aaA OJiBIiB, TUTJII OJA BUIJABJIAHHA MeTa-
aiB (mai. 28.4). 3mimanuii i3 MacTuaoM rpa@itT € YymZoBUM MACTUJIBHUM
MaTepiasioM. 3aBOAKMN BUCOKiIl »KapOCTiHKOCTi rpadiT 3acCTOCOBYIOTH IJId
BUTOTOBJIEHHSA JUBapPHUX (opM Ta OOJUIIOBAHHS BHYTPIIIHIX IIOBEPXOHBb
meueii. A 3maTHicTh rpadiTy CHOBiIBHIOBATH ¥ IOTJIMHATH IITBUAKI HEHTPOHU
BUKOPHCTOBYIOTh B AaTOMHHUX peaKTopax.

IHWi anoTponHi mogudikauii KapboHy

Tamri Bigomi amorpomui mogudikanii Kapbony — 1e Kapbiu, ¢dynaepeHu,
rpadeH, HAaHOTPYOKU TOIIIO.

Kap6in 3a pismuHUME BJIACTUBOCTAMM CXOXKHUH Ha rpadir i inoxi Tpam-
JSE€ThCA B HBOMY Y BUIVIAAL Oinux mpokuyok. Kap6in mae JiHifiny O0ymoBy:
=C=C=C=C= abo —C=C-C=C-.

1985 poky rpyma aMepuUKaHChKHX 1 OPUTAHCBKMX YUYEHHX BigKpu-
Ju MOJIeKYJIApHY Momudiramito Kapbony — ¢ynepenu. BoHm masBamm
PeUYOBMHY Ha 4YeCcTh aMepuKaHChKOro apxitekropa Piuapma BaxkmimcTepa
dynnepa, AKUNA PO3POOUB TEONE3WUYHUN KYIOJ, HA AKWN MEBHOIO MipOIO
CXOXKi MoJleKyau (PyJepeHy.
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Man. 28.5. byfosa anotponHux mogudikauin Kapbory: a — dyneper Co; 6 — dynepen C,;
8 — HaHOTpybKa; 2 — rpadeH
dysepeHu — Iie TBepPAi KpHUCTAJNiuHI pevyoBMHM, SIKi, Ha BigMiHy Bifm

iHIIUX aJOTPONHUX MOAUMIKAIINA, POBUNHAIOTHCA B OPraHiUYHUX PO3UMHHU-
KaX 3 YyTBOPEHHAM ACKPaBO 3abapBiieHUX po3uwmHiB. MoJsiekyau QyJsiepeHiB
ABJAIOTH c00010 chepu abo emimcoimu (masua. 28.5, a, 0).

ITicna npucymxerans HobermiBebkoi mpemii 2010 poky Bech cBiT misHaBca
po 1e ofHY ajoTponHy moxudikamio Kapborny — zpagen. Ile nBoBuMip-
Ha CTPYKTypa, YTBOpeHa ImapoM atoMiB KapOoHy 3aBTOBIIKN B OAUH aTOM
(man. 28.5, 2). 3a meBHUMHU OIiHKaMHU B rpadeHy BeJamKa MeXaHiUHa Mill-
HICTh Ta PEKOPIHO BeJMKa TEIJIONPOBIAHICTH i pyxomicTh eleKTpoHiB. Bin
Mae€ IepCIeKTUBY 3aCTOCYBaHHS B HAHOEJEKTPOHII Ta, MOKJINBO, 3aMiHUTH
CUJIIifi Y KOMI IOTEPHUX MiKpOCXeMaX.

Byrinna. MoHATTA npo agcopbuito

ITig uac mposKapioBaHHSA 0araTboX OPTraHIYHWX PEYOBUH 6e3 JOCTYIy
moBiTpA yTBOpIoeTheAa amopdHa monudikamia Kapbouy — Byrienb. Oxpemi
YaCTOUKHU, 3 IKUX CKJAJAETHCS BYIJIEllb, 3a CTPYKTYPOIO HATaAyIOTh rpadir.

Byrienp, 110 YTBOPIOETHCA IIiJ Uac IIPOKAPIOBAHHS JePEBUHU, HA3UBa-
I0Th JepeBHUM ByriasaMm. Ile TBepga mopucra mMaca, ska 30epirae moyaTko-
By cTpyKTypy (Main. 28.6). ITopu ii xamaam y BYTiJiIi YacTKOBO 3allOBHEHi

Po6ept ®noiig Kbopn Cep lMaponbg Bontep Piuapg Epper Cmonni
monoawwii (Hap. 1933 p.)  KpoTo (1939-2016) (1943-2005)

JNaypeatn HobeniBcbKoi npemii 3 ximii 1996 p. 3a BigkpuTTa dynepeHis
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BbputaHcbKi HaykoBLi.
JNaypeaTtn Hob6eniBcbKoi
npemii 2010 p. 3a BU-
Cep AHppin KocTaHTUHO- Cep KocTAHTUH CeprilioBUY  HaiigeHHs TeXHONOTii
Buy leiim (Hap. 1958 p.) HoBocbonos (Hap. 1974 p.)  poGyBaHHA rpadeHy

amMopduuM ByriaeneMm i sosior. Ilix uac oOpoOOKM BOAAHOIO IIapOI0 IIOPU
BYTLJJIS OUHUIIYIOTHCS, [0 3HAYHO 30iJBINTye BHYTPIIIHIO IJIOILY IHOTO IIO-
BepxHi. Take Byrijuigd Ha3UBAIOTh AKMUBOBAHUM.

Yepes HAABHICTh BeJIWUE3HOI KIIBKOCTiI IOp 3araJybHa IIJIOIIA IOBEPXHI
aKTUBOBAHOTO Byrina moske caratu 400 m2 ma 1 r. Came TOMy BOHO 37aT-
He MOTJIWHATU Tasy, BUIAPU i JedKi pO3UMHEHi PeYoBUHU, YTPUMYOUU iX
Ha cBOill moBepxHi. Ile ABUIlle HA3MBAIOTL adcopoOUyicio.

AxTuBoBaHe ByTiisa 06’emom 1 cM® Moske morauHyTH 61u3bK0 500 M
XJ0pYy i auire 35 MJI KUCHIO: UMM JIETIIIe CKPAILIIOETHCA T'as, TUM CUJIbHIIIIe
BiH mOrJIMHAETHCA ByTiaam (maj. 28.7).

Ha saButi agcopOitii rpyHTy€eThCA BUKOPUCTAHHA BYTLJIISA B 3aXUCHUX Mac-
Kax i mporurasax. Haiimpocrimuit mporuras, creopesuii 1915 poxy M. 1. 3e-
JIHCBKUM, CKJANAETLCSI 3 I'yMOBOI MAacKM # OJAIIAHOI KOPOOKM, HAIIOBHEHOI
aKTHBOBAHUM BYTiasM. BauxyBaHe mOBiTPSA IPOXOAUTEH KPish ITapu aKTUBO-
BAHOTO BYTLLIA i OUMINYyETHCS Bif OoTpyHHUX rasiB i BumapiB (masa. 28.8, a).

31aTHICTh BYTiJMISA [0 aacopOIlii BUKOPUCTOBYIOTH [Jis 3HeOApBJIEHHS
IIYKPOBOT'O CUPOITYy, AKUHA Uepe3 HAABHICTH HOMIIIIOK MAa€ »KOBTUH KOJIip.

cocl,

a,
co,
3 02 co
s == B

N
8cm®  82cm®  93cm®  47cm® 234cm®  440cm?

Man. 28.6. [lepeBHe Byrinna Man. 28.7. Apcop6uis pi3HUX rasiB akTMBOBaHUM
30epirae CTPyKTYpy AepeBuHA Byrinnam macoto 1 r 3a Temnepatypu 15°C
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Onekciin Onekcinosuny
Yyiiko (1930-2006)
YKpaiHcbKni Ximik. Po3pobus
3acagm cyyacHol Ximil nosepx-
Hi ynbTpagmcnepcHUX peyoBuH

Man. 28.8. 3acTtocyBaHHA ABULWa afgcopbuii: a — y npoturasax;
6 — [AnA OuUMLEHHA BOAW; 8 — Y MefUUVUHI

Y mobyTi ByrinbHI (QiIbTPM BUKOPUCTOBYIOTH IS OUMINEHHS IHUTHOI
BOIM BiJi JOMIINIOK OpTraHiuYHMX PEYOBUH, SKi HAMAOTh ifi KOJBOPY YU 3a-
naxy, JJis BUAAJEHHA CHiAiB XJopy Ta ip:xi (man. 28.8, 0). Byrinapai (inb-
TPU TaKOK 3aCTOCOBYIOTHL B OUMCHMKAX MOBiTpPsA. BoHM 3maTHi 3aTpuMyBaTu
HaWAPiOHIITI YacTOUKM TUMIIy.

TabsieTK aKTUBOBAHOTO BYT1JIJIA BXKMBAIOTh ¥ Pasdi XapuoBOTO OTPYEHHS
(mag. 28.8, 8).

3a HEmOBHOTO 3TOPAHHSA 0araThOX OPraHIYHUX PEYOBUH YTBOPIOETHCSA
cayKa — YOPHUM, YKUPHUH HA JOTHK IOPOIIoK. Carka HaKOMUUYYETHCA B I'PY0-
HUX TPyOax, YTBOPIOE Harap y ABUTI'YHAX BHYTPiIHbOro sropsauHg. Caxka,
AK i mepeBHe BYTiJIs, ABJAE CO00I0 aMOP(MHUII BYIJelb, BOHA CKJIAJAaE€ThCA
3 npibHUX chepuuHUx yacTouok miamerpom a0 0,1 mm. Caky BUKOPUCTOBY-
IOTH IIiJi 9Yac BUTOTOBJIEHHA rymMu. CamMe TOMy IIMHU MalOTh YOPHUU KOJIIp.
HomaBauHaA caki 306iJbIIIye MIiIIHiCTHL I'yMOBUX BHUPOOIB i IIOOBIKYE TepMiH
ixHBOI cay:xbu. Caxka MiCTUTBCS y CKJali YOPHOI ApPyKapchbKol ¢apbdu.

XiMiyHi BnacTmBOCTI Byrneuo

Ximiuui BmacTuBOCTi pisHUX amorpomHuX Moxuikarniin Kapbouy maii-
JKe OJHAaKOBi, BOHU BiJpiBHAIOTHCS MepeBarkKHO XiMiuHOIO aKTuMBHicTIO. Aue
B OinbIIOCTI BUOAOKIB I/ XiMiUHIMX IepeTBOPEHb BUKOPUCTOBYIOTH BYTiJIIA
(mepeBHe, KaM’sHe), ca)Ky ab0 KOKC.

1. Kap6orn — BigHoBHuUK. Barato HeMeTajiiuHUX e€JE€MEHTIB MAalOTh
eJIeKTPOHeraTUBHicTh Oinbity 3a KapOow, i3 HUMH BiH BUABJISAE BiZHOBHI
BiactuBocTi. KapOboH € BiZHOBHMKOM y 0araThOX IITPOMMKCJIOBO BaKJIMBUX
mporiecax JOOyBaHHA PEUOBUH:

- mertauiB 3 oxcuzis: CuO + C £ Cu + coT;

+ wagnoro rasy: CO, + C < 2CO;
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* Kanblii Kapbiny (anermreniny): CaCOg + 4C < CaC, + 3COoT;
- cunres-razy: C + H,0 £ COo + H,.

2. Kap6ou — oxmcHuk. OKucHi BiaactuBocti KapOoH BuABIAE B peak-
MifAX BYIJEIo 3:

- soguem: C + 2H, L CH,;

- metanamu: Ca + 2C 2 CaC, 4Al + 3C < Al 4C; (amominiit Kapbin).

MowwupeHicTb y npupogdi Ta 6ionoriuHe 3HaueHHA Kap6oHy

HesBarkatoun Ha Te 110 KapOoH € HeBil’€eMHOIO CKJIAZOBOIO KUBUX Opra-
mismiB (6suspko 20% wMacu JOOAWHU), Y MPUPOLL itoro mabaraTo MeHIIIe,
Hisk Orcureny, Cuiimniro, Amominiio # I'igporerny. B atmocdepi Semuri Kap-
0OH MiCTUTBCA MEPEBAXKHO y CKJAAI Byrjekwmciaoro rasy (6amsexo 0,03 %
Bim o6’emy), a B 3eMHill Kopi — y ckJuaazai xkap6ouariB (0,35 % Big macn),
HapUKJIaL KaJbIliii KapOoHaTy, III0 YTBOPIOE IOKJALU MapMypy, Kpeinmu
i Bamaaky. Taxoxx KapboH € cKIamoBoio Oyporo i xam’ SHOI'O BYTiJJs, To-
pOYMX CJIaHIIB, HAa(QTU Ta MIPUPOLHOTO rasy.

Buacrusicts aTromis KapOory yTBOpOBaTU LOBTI Ta pi3sHOMAaHITHI JIaHITIO-
T 3yMOBJIIOE BeJIMKe Pi3HOMAaHITTS opraHiuHuX peuoBuH. KapOoH yTBOpPIOE
OaraTo rpym 0ioJOriuHO BasKJIMBUX PEUOBMUH: BYIJIEBOIiB, OijKiB, Jimimis,
HYKJeTHOBUX KMCJOT ToIio. CaMe BOHU € OCHOBOIO 3€MHOTO JKHUTTS, a IXHi
BJIACTHBOCTI 6araTo B YOMY BU3HAYAIOTh YMOBU, Y AKMUX MOXKYTb iCHyBaTH
momiOHI 70 Hac (POPMHU KUTTH.

W .

S KniouoBa igesn
¢ KapboH € pekopAacMeHOM 3a BUABMEHVMM anoTPOMHUMY BUAO3MIHAMU, Y KOXKHOI
3 AKUX HaABHI LiHHI BAACTUBOCTI, WO BUKOPUCTOBYIOTb CbOrOAHI Ta AKi MaloTb nep-
CMEeKTUBM 3aCTOCYBaHHA B MabyTHbOMY.

0 KoHTponbHi 3anuTaHHA

399. CxapakTepur3yiiTe BaNEHTHI CTAaHN Ta MOXIUBI CTYNEHi OKNCHEHHA KapboHy.

400.Yomy gna atomiB KapboHy xapakTepHe YyTBOPEHHA KOBaNeHTHUX 3B'A3KIB?

401. CxapakTepu3yinTe NOWNPEHICTb y NPUPOAI Ta GionoriyHe 3HaueHHs KapOoHy.

402. CxapakTepu3yinTte anotpornHi moaudikauii KapboHry.

403. flke ByrinnA Ha3nBalOTb aKTMBOBaHMM? [l 4Oro MOro BUKOPUCTOBYIOTb?

404. Lo Take agcop6uia? HaeepiTb NprKnaan Lboro ABMLA i NOro 3aCTOCYBaHHS.

405. CxapaKkTepusynte xiMiuHi BMacTUBOCTI Byrnewto.

406. [MopisHAKTe 6ygoBy anmasy i rpadiTy Ta ixHi BnactmBocTi (konip, 6nuck, pos-
UMHHICTb, TBEPAICTb, KPUXKICTb, ENEKTPONPOBIAHICTD).

f 3aBgaHHA OnA 3aCBOEHHA MaTepiany
407. Bi3HauTe CTyMeHi OKWCHEHHA enemeHTiB y cnonykax: CH,, CaC,, CO, HCOOH.
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408.Bunuwitb piBHAHHA peakuili i3 TekcTy naparpada i cknagitb AnA HUX efek-
TPOHHUI GanaHc. Y AKMX i3 UMX peakuin KapboH € OKMCHMKOM, a B AKUX —
BiJHOBHKOM?

409. MNopiBHANTe TUNX XiMIYHOIO 3B'A3KY Y BYINIEKUCIOMY rasi, MeTaHi, anmasi, cuni-
Lin Kap6igi.

410. Cknapgitb pIBHAHHA peakLuil BigHOBNEHHA Byrinnam: a) Kynpym(l) okcuay, de-
pym(lll) okenpay, maHran(ll) okcmay go metanis; 6) Kanbuin cynbdaty fo cynbdigy.

411. Marnin kap6ig MgC, posknaga€tbca BOAoK MOAIGHO A0 Kanbuiit Kap6igy
3 YTBOPEHHAM eTuHY, a 6epunin kapbia Be,C — nogi6Ho fo antomiHin Kap6iay
3 BUAineHHAM meTaHy. CKnagiTb piBHAHHA peakLii.

412. Y npoMmUCNOBOCTI KanbLiin Kapbif ofepytoTb B enekTponeyax i3 cymilli Kasb-
Lin kKapboHaty i Byrinna. IHWW NpofyKT peakuii — Kap6oH(ll) okcna. Ckna-
AiTb PIBHAHHA peakuil.

KomnnekcHi 3aBgaHHA

413. O6uncnite macy dpynepeHy C KinbKicTio pe4oBuHM 0,5 MOfb.

414. O6uncnite macy Kokcy C, Wwo 6yae NoTpibHWIA Ana BiHOBMEHHA LUMHK OKCUaY
Macoto 32,4 T, AKIWO OJHMM i3 NPOAYKTIB L€l peakuii € kapb6oH(ll) okcua.

415. O6uncnitTe 06'eM BYrNEKNCNOro rasy (H. y.), WO yTBOPUTLCA Mif Yac crastoBaH-
HA BYrfieLo Macolo 6 Kr.

416. lig vac niponisy metaHy CH, 3a NeBHWX yMOB YTBOPIOIOTbCA MPOCTi PeyoBu-
HU. O6uncniTb Macy TBepAoro MPOAYKTY peakuii niponisy metaHy o6'emom
56 M3 (H. y.), AKLIO BiHOCHMIA BUXIA NPOAYKTY CTaHOBUTb 95 %.

MiHi-npoekTn

417. Y popaTKoBUX OKepenax 3HangiTb iHpopmauito nNpo 3actocyBaHHA rpadity
" anmasy. Y KOXXHOMy BMMafKy BU3HauTe, Ha AKil BAACTUBOCTI LUX PEYOBUH
IPYHTYETbCA X BUKOPUCTAHHA.

§ 29. OKcuan HemeTaniyHNX enemMeHTiB B aTmocdepi

Byrnekncnuim ras ta napHukoBuin edekr

Ti 3 Bac, xT0 OYB y TemJauUIli, 3HAIOTh, IK TaM TEILJIO I BOJIOIO HABiTh
3a XOJIOAHOI moroau 330BHi. BojoricTs moBiTpA B TeIIuIli 3yMOBJieHa Ha-
SIBHICTIO POCJUH i BUIApOBYBaHHAM BOAMW 3 I'PYHTY, a IMiJBUINleHA TeMIlepa-
Typa — BEJIMKUM YMiCTOM BOJASHOI IIapu B MOBITPi.

VYwmict BogAHOI mapu Ta iHIMINX rasiB y IOBITPl CIPUYNHAE NAPHUKOGUL
egpexm. Bin BuHUKae yepes Te, 1[0 MAPHUKOBI rasu MmOTJIMHAIOTH iH(pauep-
BoHe BunpomiHooBauHA CoHId i posirpiBatorsca (mas. 29.1). Orxe, uacTuua
eHeprii CoHIsa He BimOMBaeThCcA Bij TOBEPXHi 3eMiIi, a BUTpAYaETHCSA Ha PO3i-
rpiBanHa aTMochepu. 3aBIAKU MapHUKOBOMY e(DEKTy cepeHA TeMIleparypa
moBiTpA 6isisg moBepxHi 3emui gopiBHIOE 6aM3bK0 +15°C. Bes mapHUKOBOTO
epexTy BoHa 0 mopiBHOBaJia Bim —8 mo —23°C.
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Atmocoepoto Ta
3eMHOI0 MOBepPXHeto

- BiAGMBAETLCA BUMPO- )
MitioBanHa 103 BT/m2 Bin6ute coHAuHe Ta Tenno-

Be BUMPOMiHIOBaHHA 3emni

ryébuTtbca B KOCMOCI, yCbOro
Kpi3b uncty atmocdepy 240 BT/m2
Big CoHuA noTpannsae

BUMPOMIHIOBaHHA 343 Br/m?

Ha nosepxHio 3emni
noTpansiAe BUMPOMi-
HIOBaHHA 240 Br/m?

3eMHa MOBEPXHA MOMIMHAE BUMPOMI-
HIOBaHHA 168 BT/M?, Aike nepeTBOpIO- -
€TbCA Ha TEM/IOBE Ta BUMPOMIHIOETb-
Csl MoBepxHeto B atmocdepy

Man. 29.1. BUHVMKHEHHA MapHUKOBOrO edpeKTy

Taomumnga 4. IlapHUKOBi Tasu

Tas Ywmict B atmocdepi, | IlapankoBuit «BHecqm>> y HapHU-
00’eMHa yacTia, % darxTop** KoBUil edexT, %
Bopgsana mapa 1* 0,1 36-72
Byriexucauii ras 3,5-1072 1 9-26
Meran 1,7-10* 30 4-9
Hirporeu(I) oxkcup 3,0:-107° 160 1-3

CepenHe 3HAYEHHS, 3aJI€KUTH BiJl BOJIOTOCTI IOBiTPA.
®%

IlapuukoBuit GaKTOp BUKOPUCTOBYIOTH JAJIs MOPiBHAHHS MAapHUKOBOTO e(PeKTy ABOX
rasiB 3a OMHAKOBOI KOHIIeHTpAITii.

Ax BugHO 3 TabaUIl 4, HaOLIbIIE HA TIAPHUKOBUI e(peKT BIJIMBAE BOASHA
napa. Tako:x 3HAUHUHA «BHECOK» y BYIJIEKHCJIOTO rasy: Xo4ya HOoro BMICT y IIO-
BiTpi 3HAUHO MEHINMNI 3a BOAAHY IIapy, MOro IapHUKOBUII (hakTop HabaraTo
puruii. Bu 3HaeTe, 1110 HASBHICTH BYTJIEKUCJIOTO rady B IOBITPi € pesyIbTaToM
MIPUPOAHUX TPOIIECiB: BUBEP:KEHHSA BYJIKAHIB, KUTTEAiAIbHOCTI Giochepu,
BEJIUKUX JicoBUX MoKexk (mais. 29.2, a, c. 148). Ane B ocTaHHi CTOJITTA
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Man. 29.2. [Ixepena Byrnekucnoro rasy B atmocdepi: npupoaHi npouecu (a)
Ta aHTPOMOreHHa AiANbHICTb (6)

3HAUYHO IIOCUJINBCSA aHTPOIOTEHHUH (DaKTop: Aemasi O6iyibllle BYTJIEKMCIIOrO Ta3y
TMOTPAIJIAE B MOBITPA BHACIILOK JIIOACBKOI misgnbHOCTI (Mas. 29.2, 6). Hacam-
mepen Bifl cIaJIl0OBaHHS BUKOIHOIO IIAaJWBa i 6ioMacu, BUPOOHUIITBA II€MEHTY
rorto. Bix cepemuum XVIII crosiTra (Bif movaTKy MOiHAYyCTPiaJbHOI €IIOXI)
yMiCT BYIJIEKHCJIOTO Tady B aTmocdepi 30iabIImBCsa MaliyKe B IIiBTOpa pasa.

30inbIIeHHA KOHIIEHTPAI[il BYIVIEKMCJOrO rasdy MHOCUJIIOE ITapHUKOBUM
edeKT, YHACTIIOK YOTO IIiBUIMYETHCA CePeHs TeMIlepaTypa moBiTpsa. A e
30i7bIllye BUMIAPOBYBAHHSA BOAU 3 OKEAHiB, IO TAKOYK IIOCUJIOE TAapPHUKO-
Buii epeKT. 3a IPOTHO3aMU AEAKNX HAYKOBIIiB, yce Ile MOKe IIPU3BECTHU [0
MiABUINEHHS CePeIHBOPIUHOI TeMIepaTypu Ha IJIaHeTi Ha KiJbKa Irpagycis,
TaHEeHHSA JILOAOBUKIB i mimBumieHHsa piBHA CBiTOBOro oKeaHYy.

ChorogHi mpupomo3axrMCHUKY 3BEPTAIOTh yBary Ha HeoOXimHicTb oOMe-
JKeHHs BUKNIIB BYIJIEKMCJOro rasy B armocgepy. ¥ 1998-1999 pp. maii-
JKe Bci KpaiHu cBiTy, 30KpeMa YKpaiHa, miammcanu KioTChbKHI TpPOTOKOJ,
3TifHO 3 AKUM KOJXKHA KpaiHa 3000B’A3yeTbCs a00 3HUBUTU OOCATU BUKUIY
MapHUKOBUX rasiB, abo 36epertu ix Ha piBHi 1990 poky.

JJia mocATHeHHA I[iel MeTHM HacaMIlepe[
HeoOXi/IHO BIIPOBAJKyBaTH eHeprosdepiraiab-
Hi TexHoJIOTil, 3aMiHIOBATH BHKOIIHE IIAJIMBO
OiomasuBOM, OijJbIlle BUKOPUCTOBYBAaTU Bif-
HOBJIIOBaHI JsKepejia eHeprii.

s BupiiieHHA TpoOJIeMU TapHUKOBOTO
edeKTy CJIiJl TaKOK 3BEPHYTH yBary Ha 30iJb-
ImeHHsa BMicTy MeTaHy B aTtmochepi. Iloxu
0 «BHECOK» METaHy B IIADHUKOBUN e(deKT
He TaKWil 3HAYHUI, ajie IPOTATOM OCTaHHiX
300 pokiB fioro BmicT B atTMocdepi HEBIWH-
HO 3poctae. lle moB’aA3aHO 31 CTPIMKUM PO3-
BUTKOM TBapUHHUIITBA (IPOIlECU TPABIECHHSA

Man. 29.3. Bennka porata xyaoba

€ NPUYNHOIO 36iNbLUEHHA BMICTY -
MeTaHy B aTMOChepi xymoomn) (man. 29.3), puciBHuITBa (IIpoiecu
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0OJIOTHOTO THUTTA), a TaKOYK 30iJbIIEHHAM IIJIOINI 3aXOPOHEHHS TBEPAUX
mo0yTOBUX BigxomiB (Ipoilecu yTBOpPeHHA OGioraasy).

Okcupgwn HitporeHy 11 Cynbdypy Ta KUCIOTHI Aowi

THIIIMY KOMIIOHEHTAME IIOBITPS, II[0 CTAHOBJIATDH IIOTEHI[IAHY HEOe3meKy
npupozi, € okcuau Hitporeny NO i NO,, cynshyp(IV) okcuz SO,. ¥ mosiTpi
miTporeH(Il) okcun HecTabibHUI, BiH AysKe ITBUAKO OKUCHIOETHCSI KUCHEM
mo mitporeu(IV) okcumy. Ajle B pasi mOTpaIIAHHA y BepPXHi IIapum aTMO-
chepu BiH HETaTWBHO BIJIMBAE HA IIPOIECV O30HOTBOPEHHS.

Y npuponi Benmka KinbKicTb OKcuaiB HiTporeHy yTBOPIOETHCA B aT-
mocdepi Imig yac rposu mig di€r0 eJIeKTPUUYHUX Po3pAaniB. TarkoxK oOKcuau
Hirporeny #1 Cysnbdypy € pesysibraToM 0aKkTepiaJbHOI aKTUBHOCTI Y I'PYHTaX,
BYJIKQHIUHOI AisITBHOCTI Ta JiCOBUX ITOMKEXK.

Kpim Toro, Besquki ob6cAru 1ux rasiB moTpaiigioTh B aTMocepy BHACI-
JIOK JITOACHKOI AisiJIBbHOCTI: CIIAJ0OBaHHSA BUKOIIHOTO HajimBa (HaQTu, BYTiJis
i mpoxykTiB iX mepepoOKuM), MeTaJypriiHOI IIPOMMCJIOBOCTi, BUPOOHUIITBA
HiTpaTHOI Ta CyJab(aTHOI KUCJIOT.

3a yuacti okcuaiB Hirporeny # Cyabdypy B IOBiTpi yTBOpPIOIOTHCA
KUCJIOTU, AKi BUIIQAAI0OTh HA 3eMJI0 pa3doM i3 gomamu. Taki moIrni Ha3mBarTh
kKucaomHuumu (Man. 29.4).

3Buuaiina J0IoBa BOJA caMa Mo co0i Mae KMCJIOTHE CepemoBUIlle, OCKiIb-
KM BHACJiJJOK PO3YMHEHHS Yy BOJi BYIJIEKHCJIOTO ra3dy YTBOPIOETHCSI Kapbo-
HaTHa KHUCJIOTa:

CO, + H,0 = H,CO,

Xoua KapOOHaTHa KHCJOTa
HeCcTiliKa, a PpPO3UYMHHICTH BYyTJIE-
KHCJIOTO Ta3y He3HauHa, [IOI0OBa
BOJla BiXKe He € HeHTpPaJbHOI0, Ii
pH=5,56-6,0. Yrim, Takuii moir €
3BUUANHUM i1 HE CTAHOBUTDL 3ar'PDO3MU.

3a HagBHOCTi okKcuaiB HirTpo-
reny ta Cynasdypy B mOBiTPi yTBO-
PIOIOTHCA:

« HiTpaTHa KHUCJIOTA:
2NO + 0, = 2NO,,
3NO, + H,0 = 2HNO,; + NO

« HecTilika cyab(piTHA KHcoTa
(KucJyioTa cepemHBOI CHUJIN):

SO, + H,0 = H,S0, Man. 29.4. [Ixepena KACNOTHUX AOLLiB
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Man. 29.5. Bnane KNCNOTHUX
[OLWiB Ha nNpupoaHi 06’ekTn (a)
Ta Nam'ATKU KynbTypu (6)

+ cyJabdaTHa KucJoTa:
S0, + NO, = SO; + NO
SO, + H,0 = H,S0,

Homri 3 goMimKamMu IIUX KUCJIOT YiKe MO-
KYTh OyTU HeOe3IMeYHUMU, IXHS KHUCJIOTHICTH
mocuth nomiTHa (pH=3-4), a B meAKux Bu-
majgKax OOIoBa BOJa MOMKe OyTH OyiKe KUC-
aotuoo (pH=1). Taki gomri cnpuumnHAIOTH 3a-
KUCJIEHHA I'PYHTIB, 3BHUIIIEHHA POCIMHHOCTI HA
cyii, a sHMKeHHA pH y BomoiiMax 3arpoikye
sarubeJriio (opu i payuu B HuX (3a pH=4,5
y BomoiiMax I'MHe Maiiyke Bcsa puba, OiabIricTs
°kKab 1 komax) (mau. 29.5, a). Okpim Toro, Kuc-
JIOTHI IOIIi NPUCKOPIOIOTH KOPO3il0 MeTaieBuX
BUPOOiB, MOIIKOAKYIOThECA OyAiBJIi Ta mam’ aT-
Ku apxitextypu (main. 29.5, 6). 3akucieHHs
I'PYHTIB CIIpUse MepeBEIEHHIO ¥ BOAOPO3UNHHI
dopMU CIHOJIYK BaKKMUX XiMIiUHUX eJeMeHTiB.
3a MeBHUMU OI[iHKaMM, Y CBiTi KMCJOTHI JOIITi
IopiuHO 3aBHaOTh 30uTKiB Ha moHan 30 Miapxa
moJapis.

H s po3B’sizalHsA IPO0JIeMU KUCJIOTHUX AOITiB HEOOXiTHO KOHTPOJIIOBATH
aHTpoNOoreHHi myKepesa okcuaiB Hitporeny Ta Cynbhypy: 3MEHIITUTH BUKUIU
TEIJIOEJEeKTPOCTAHI[IH, ra3oTypOiHHUX YCTAHOBOK, BMUXJIOIM aBTOMOOIJIiB,

JiTakiB TOIIO.

P
o

KniouoBa igesa
-9

3emna — fdiM AnAa NoAcTBa Ta we ana 61M3bKo 2 MAH BUAIB XUBKX icTOT. JIl0ACTBO
y Mipy CBOiX MOX/MBOCTEN Ma€ AbaTu Npo Len gim.

9 KoHTponbHi 3anuTaHHsA

418. HaBepiTb NprKnagn NpUpPOSHUX Ta aHTPOMOTEHHUX AXKEPES OKCUiB HeMeTa-
NiYHUX enemeHTiB B aTMocdepi.

419. CxapaKkTepu3ynte BMHUKHEHHA MAapPHUKOBOro edbeKkTy Ta ponb BYreKUcoro
rasy B LbOMy npoLeci.

420. flke 3HauyeHHA napHUKOBOro edekTy ANnA iCHyBaHHA Ta PO3BUTKY MXUTTA

Ha 3emni?

421. CxapakTepusynte npouecu, yHacnifok AKux GopMyoTbCA KUCIOTHI AOLLi.



§ 30. Cuniuin(lV) okcmg. CyyacHi cunikaTHi matepianu

3aBp,a|-||-|ﬂ 3 PO3BUTKY KPUTUNYHOIo MUCJIEHHA

422, MapHuKkoBuii dakTop XxnopodnyopoByrieBOAHIB, O BUMKOPUCTOBYIOTb AK
bpeoHn, y 23 TrC. pasis GinbWwWi, HiXK Yy BYTMEKNCIOrO rasy. Ik B BBa)Ka€ETe,
YOMY CTOCOBHO GPEOHIB HaroowWyTb NePEeBaXHO Ha iX 3arpo3i 030HOBOMY
Wwapy, a He Ha NoCueHHi NapHNKOBOro epeKTy?

423, MNpoaHanizynte manoHoOK 29.1. BusHaute, Aka yacTtka Bif eHeprii CoHua yTpu-
My€ETbCA NMoBepxHeto 3emni, a Aka — aTmocdepolo.

MiHi-npoeKkTn

424.Y popaTkoBMX AxKepenax 3Hangitb iHGopmauito wopo o6cAriB Byrnekncioro
rasy, siKi NOTPanAATb y MOBITPA 3 PiI3HMX aHTPOMOreHHMX Axepen. 3pobiTb
BUCHOBOK, AIKi ranysi ftogCcbKoi AiANbHOCTI Cnij 06MeXUT Ui MOAEpPHi3yBaTh
[INA 3MEHLLIEHHS UMX 0bcAriB.

425, BukoprcToByouM AOAATKOBI Axepena iHbopmalii, NopiBHANTE BHECOK Y dpop-
MyBaHHA MapHUKOBOro epeKTy MapHMKOBUX rasiB, AKi MOTpannAlTb B aTMO-
chepy 3 NPUPOAHNX Ta aHTPOMOreHHUX AXKepen.

426.3a popaTKoBUMU pxkepenamu iHbopmaLii nopiBHANTE BHECOK MPUPOAHUX
i @aHTPOMOreHHWX JXXepen OKCMAIB HemeTaniyHux enemeHTiB y GopmyBaHHA

KWCNOTHUX [OLLiB.

§ 30. Cuniuin(lV) okena. CyvacHi cunikatHi matepiann

MpurapganTe:

e 1O Take agcopbuia (3a § 28);

e OygoBy i BNAacTMBOCTI KPUCTaNniuyHMX
i amopdHMX peyoBuH (3a § 9).

Cuvniuin(lV) okecng

Cunini#(IV) oxcup SiO,, a6o kpemue-
3eM, MOIIUPEeHUN y MPUPOIi Y BUTIALL MiHe-
pany kBapuy (mas. 30.1,a). [IpioHi Kpucra-
JI1 KBapIy MIiCTATHCA y CKJAJi I'paHiTiB Ta
immux ripesrux mopix (mas.30.1,06), a mix
yac ix pyHHYBaHHA YTBOPIOETHCA PIiUYKO-
Buii micox. YacTo micoK MicTuTh mOMiIIKHI
cuoayk Pepymy, dAKi 3a6apBIOIOTH HOT0
B JKOBTUI KOJIip. 3HAUHO PifIIe Tparisd-
€ThCA TiPCBKUM KPUIITAJb — BeJHUKI IIPO-
30pi KpucTaau KBapIly, IO iHOMOI cATaioTh
moBxkuHU 10 M.

Man. 30.1. Cuniuin(lV) okecnp
y NpUpOAi: a — KpucTanu Keapuy;
6 — KpucTanu KBapuy, BKpanieHi
B MiHepan Kanbuut
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Man. 30.2. Kpuctanu ametucty

Man. 30.3. lNakeTuKkn i3 cunika-
refem 4acto MoMilaTb Y KO-
PO6KM i3 B3yTTAM, €IEKTPOHHUMY
npunagamm Towo ANA NOrfnNHaH-
HA 3alBOI BOJIOIN

lOpin BaneHTniHOBMY XOniH
(1962-2017)

YKpaiHCbKUM XiMiK.
JocnigxysaB BNacTUBOCTI
Ta 3acToCyBaHHA MOAUdIKo-
BaHUX KpeMHe3eMmiB

YcepenuHi gesIKnX KaMeHiB € MOPOKHUHU, V AKUX
nmepeOyBalOTh aMEeTUCTH — KPUCTAJIU KBapIly, 3a0apBJe-
Hi foMimkamMu B posKeBo-(ioseToBuit Koip (mait. 30.2).

Hns cuainiii(IV) okcuay =xapakTepHi aTom-
Hi KpucrajgiuyHi Ir'paTku, TOMY BiH TYromJaBKUA
(t,, =1700°C). PosmiaBieHuii KBapI| IiJ 4ac 0XO0JO-
IKEeHHSA 3aCTUTa€ B IIPO30PY Macy — KBapIoBe CKJIO,
10 € aMOP(PHOI0 PEYOBUHOIO.

Cuniniii(IV) okcuz yTBOpIOE 6araTo ripCbKux mopi.
Hesaki 3 Hux pasom i3 cumimiin(IV) oxcumom micTATb
ANIOMIiHilT OKCHI, TOMY iX HA3WBAIOTL AJHMOCULIKA-
manu. Ile mompomit mmar K,0-Al,0,-6Si0,, ramna
Al,0,-2510,-2H,0, crona K,0-3A1,0,-65i10,-2H,0 Tormo.

Cunikarenb

Hpioanit moporok cwrinin(IV) okcuagy — cuiika-
reJib, 00 KpeMHe3eM,— BUKOPUCTOBYIOTH AK OCYIITyBau
3aBIAKHU 3JATHOCTI moryimHaTu (amcopOyBaTu) BOJIOTY
(maza. 30.3).

Awmophuuit Henopuctuit cuiiniii(IV) okcupx BuKO-
PHUCTOBYIOTH y XapuoOBi#i ITPOMUCJIOBOCTI (ZOmoMisKHA
peuoBuna E551) nns samobiraHHs yTBOPEHHIO TPYIOK
y IIOPOIIKOMOAiGHUX IPOAYyKTax. Mloro foxaoTs 1o 3y6-
HUX IIAaCT i TBePAUX JIiKapPChbKUX IIpemaparis (TabJIeTok
i mopomIKis).

Benukuii amcopOmifiHuii moTeHIiaJ KpeMHe3eMiB
3YMOBJIIOE MOXKJIMBICTh CTBOPEHHS Ha iX OCHOBI cyuac-
HUX MarepianiB (Moam(pikoBaHUX KpeMHEe3eMiB) MIJid
HAYKOBUX IOCJHiIKeHb Ta TEXHIYHOTO BUKOPUCTAHHI.

Ckno

Kpemuesem, a Taxkox ramHa ¥ iHIIL OpupomHi
AJIIOMOCHUJIIKATH € CUPOBUHOIO I BUPOOHUIITBA CKJIA,
Kepamiku, 1ieMeHTy i 6eToHy. IIpoMuc/IoBicTh, 1110 BU-
OyCKae IIi MaTepiaju, Ha3WBAIOTh CUJIiIKATHOIO.

PemenT BHUTroTOBJIEHHA CKJAa i3 cyMmimri BamHSA-
Ky, coou I KpeMHe3eMy OyB Bimomuii mie B J[aBHBO-
my €rmnTi. I3 TMx YaciB TeXHOJIOTiA BUIJIABKU CKJIa
3HAUHO BJOCKOHAJHUJIACA, OJHAK OCHOBHI IIPUHIIUIIN
3aJIUIITAJINCA HE3MiHHUMH.
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Man. 30.4. Po6oTa 3 pigkum cKnom (a) Ta XyAaoxHii Bupi6 3i ckna (6)

@DopMyIy HaUTPOCTIIIOTO CUIIKATHOTO CKJIA MPUHHATO 3aINCYBATH Y BU-
ruafai cymimni okenzis: Na,0-Ca0-6Si0,. ¥ BUpoOHUIITBI CKJIa CyMil IiCKY,
COOU Ta BaIHAKY POSTOILIIOIOTH. 13 HAMIIBPiJKOTO CKJIa BUTOTOBJIAIOTH Pi3HO-
MaHITHUH TIOCY[, BUAYBAIOTH Xya0KHI Bupobu (mas. 30.4). 3a momomoroio
cTeliaJbHUX MAaIIUH ONeP:KYIOTh IIJIacKe BiKOHHE CKJIO.

CkJo crifike mo mii 6araThbox pPeyoOBMH: BOHO HEpPO3UMHHE Y BOJIi, He pea-
I'ye HaBiTh i3 KOHIIEHTPOBAHMMU KUCJIOTaMU. BUHATKOM € juitie (GuiyopusHa
KHCJIOoTa, IM0 yTBOpIoe i3 cumuriniit(IV) okcumoM BOTOPO3UYMHHY CHOJIYKY:

Si0, + 6HF = H,SiF, + 2H,0

Taka BJIACTUBICTH CKJAa [I0O3BOJIAE HAHOCUTH HAa HBOMY MAaTOBi HamucH.

TosoBHUIT HEmOJIK CKJa — KPUXKICTh, TOMY IIepeJi BUTOTOBJIEHHAM
IesIKUX BUPOOIB CKJIO 3arapToBYIOTH: HarpiBaroTh 1o 650—-680°C, a morim
MIBUAKO PiBHOMIPHO OXOJIOAMKYIOTH IIOBITPAM. ¥ TaKOro CKJIA IIiABUIIEHA
MexaHiuHa MIiIHiCTb, TePMOCTiHiKiCTb, a B pasi pylHYBaHHs BOHO pO3Iajaa-
eThcA Ha ApiOHI yaamxu 3 tynumum Kpaamu (Mmaa. 30.5). Is saraprosBamoro
CKJIa BUTOTOBJISIOTH IIPO30Pi CcTiHKM MeO6JiB, cTiabHUILI, OO0KOBI Ta 3ammi
cTekJa aBToMoOiaiB (Mas. 30.6).

Man. 30.5. 3arapToBaHe CK/IO B pasi pymnHy- Man. 30.6. O3n06neHHA cxiguis
BaHHS He 3aB[a€ 3HAYHUX MOLUIKOOPKEHb 3arapToBaHUM CKJIOM
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Man. 30.7. KonbopoBge ckno (a), Bupobu 3 Kpuwtanio (6)
Ta NIabopaTopHUN Nocyn i3 TEPMOCTIIKOro ckna (8)

HomaBaHHAM /10 POIIJIABJIIEHOTO CKJIA PIBHMX OKCHUIIB OJIEPIKYIOTH KOJIbO-
poBi creksaa. Hampukiaan, okcunu @Pepymy 3ab0apBIIOIOTH CKJIO B 3€JeHUM,
OnaxkuTHUA abo uepBOHO-Oypwmii Konbopu, CoO — vy cumiii, Cr,0; — y se-
aenuit, MnO — y oionerosuir, Cu,0 — y uepsonmii (man. 30.7, a). Hona-
BaHHAM 10 ckJja PbO ozep:KyioTb KPUINTAIb — CKJIO, AKEe CHUJIbHO 3aJI0M-
JII0€ TIpoMeHi cBiTiia i mobOpe moiaipyerbca (man. 30.7, 6). A 3 momaBaHHAM
B,0; BUTOTOBJIAIOTH TYrolJiaBKe 60POCUIiKaTHE CKJIO. 3 TAKOIO CKJa MapKu
«Pyrex» BUTOTOBJIAIOTH TEPMOCTiHKUI JabopaTopuuil mocyn (maua. 30.7, 8).

N
-

Man. 30.8. BukopuctaHHa KBapuy:
a — konbu ynbtpadioneToBmx namn
BUIOTOBNAIOTH i3 KBApLOBOrO CKNa;
6 — n'e303ananbHNYKa;
8 — KBapLOBWI pe3oHaTop

KeapuoBe ckno

KBapiioBe ckJjo, Ha BigmMiHy Bim 3BMUAMHOTO,
3a HarpiBaHHA He pPO3IIUPIOETHCI, TOMY BUPOOU
3 HBOI'O HE TPiCKAIOTHCS HABITH 3a IMIBUAKOTO 0XO-
JIOMYKEHHS PO3IeYeHOro BUPOOY B XOJIOAHIN BOmMi.
XimiuHUE TOCYyJ, BUTOTOBJIEHWU i3 TAKOTO CKJa,
BUKOPUCTOBYIOTH IJIA IPOBEAEHHA peakIliii, 1o BuU-
MaralmTh CUJIBHOTO HarpiBaHHsS ab0 Pi3KOT0 0X0JIO-
IoKeHHd.

KBapmoBe ckJi0O TpomycKae He JAIe BUAUME
cBiTsi0, ase i yabrpadiosieroBe. Tomy KoOu yiib-
TpadioseTOBUX JaMII, AKi BUKOPUCTOBYIOTh y CIIEIli-
aJIbHUX IIpujazax abo Ijs 0coOJMBOTO OCBITJIEHHS,
BUTOTOBJIAIOTH BUKJIIOUHO 3 KBapiy (main. 30.8, a).

Hpi6Hi miIacTUHKY 3 KPUCTAJNIB KBapIly 3AaTHi
IIepeTBOPIOBATH MeXaHiuHy eHeprilo Ha eJIeKTPUY-
HY, i HaBmaku. TakKi peyoBMHU Ha3WBAIOTh II’€30-
eJeKTPUKaAMU, 1X BUKOPUCTOBYIOTH SIK TeHEepaTopu
3BYKY, Y PamioTexHiIli, a TaKOX y 3alaJbHUYKAX
(man. 30.8, 6, 8).
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Man. 30.9. Bupobu 3 Kepamiku: a — ¢pasaHcoBuin Bupi6 Kneso-Mexuripcbkoi dpabpurku;
6 — nopuenaHoBa KuTaliCbKa Ba3a

Kepamika

Kepamikoio B moOyTi HasmBaioTh BUPOOM 3 TIJINMHHU, OOMajieHi B meui.
ITe c10BO MOXOAUTH BiJ I'PEIbKOTO ceramos — «riumHa». ¥ JlaBHix Adinax
Tak Ha3WBAaBCA PayoH, Je IparioBajy rouuapi. I3 vacom maicTpu HaBUMINCS
BUTOTOBJIATH CIPaBXKHI IIeIeBpu 3 TOHKOI KepaMiku — (asucy Ta dpapdopy
(man. 30.9). Bupobu 3 obmajsieHOl TVIMHU IINPOKO BUKOPUCTOBYIOTH i ChHO-
TOOHI — IerJy, IMJIUTKY, YepPernuIrio, IMoCcya i mpeaMeTu JeKopy.

1106 3pobuUTH KOJHLOPOBUII MAJTIOHOK, HA TJIMHAHWUN BUPi6O HAHOCATH
IPiOHO PO3TepTi OKCUAM MeTaJTidyHUX ejieMeHTiB. IIig yac BumajgoBaHHSA BOHU
pearyioTh i3 TJINHOI0, YTBOPIOIOUN SCKPaBO 3abapBjeHI PeYOBUHU.

LlemeHT i 6eTOH

ITemenT i 6eToH pasoMm i3 BamrHOM i rinmcom BifHOCATH 0 6’Axcyuux mamepi-
aJie — PEedYoBUH, IO TBEPAIIOTH Uepe3 MeBHUM Yac MicJId 3MillTyBaHHA 3 BOJOIO.
IIpuroroBieHa i3 meMeHTYy i BOAW T'ycTa CyMiIl (IleMeHTHE TiCTO) ITOCTYIIOBO
IIEePEeTBOPIOETHCA HA TBEPIY Macy, 1110 Mill-
HO 3B’s3ye MixK coboro mersu. I[Jisg moBHO-
TO 3aTBEPiHHA TOTPiOHI ABa-TPW TUKHI.

3Mmimryoun IeMeHT i3 Iickom i 1re-
OeHeM, OepKyIOTh OeToH. Moro sajmBa-
0Th y cheriajbHi mepes’sHi dopmu, AKi
BUJAJNAIOTH JIWIIE IiCJAA TOTO, AK OEeTOH
sacturue. [ 30iIbIlIeHHA KOHCTPYKITiti-
HOI MimHOCTI 0ETOHOM B3aJIMBAIOTh apMa-
Typy — craneBuii Kapkac (maa. 30.10).
Opnepskauuii MaTepiaJ HasuUBAOTL 3aA.Jli-
300emornom. Korcrpykuii i3 sanisoberony Man. 30.10. 3anuBaHHA apMaTypHOro
€ KapKacoM OiJIBIIIOCTi CyYyacHUX Oy/IiBesib. KapKacy 6eToHOM

155
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IlemeHTHiI migmpreMcTBa BUKUAAIOTH B aTMoc(epy O6arato BYIJIEKUCJIOTO
rasy Ta ApPiOHOTO NNy, AKHN YTBOPIOETLCS I Yac PO3MEJIOBAHHS CUPO-
BuHHU. SIK HACTiJOK — HABKOJIO TAKUX IIiAIPHUEMCTB IIOBiTpPsS 3abpynaHeHe
apiouum muiaom. IloTpamisirtoun B AUXANbHI MIIAXHM, IEMEHTHHHN I MOXKe
CIIPUYMHATU Pi3HI 3aXBOpPIOBAHHS, 30KpeMa CHJIIK03 Ta eM@iseMy JereHis.
Okpim TOrO, IIeMEHT He PeHTabeJbHO YTUJIi30BYBATU: AJIA OYAiBHUIITBA HOBOIL
OymiBJIi melreBille BUTOTOBUTH HOBIi mopirii. A BifmpaiiboBaHUM IEMEHT IIicJid
PYHHYBaHHS CHOPYJ HAKOINYYETHCA Yy BigBajiax.

Hns1 3amobiraHHsA MIKiAJIWBOMY BILUIMBY Ha MOBKIJIJIA HA IIEMEHTHUX 3a-
BOJAX BCTAHOBJIIOIOTH CIIEIliaJIibHiI (PiabTpU, AKi 3aTpUMYIOTH . HeoOxigHO
TaKOK BIIPOBAMKYBATU CYYaCHI «3€JIeHi» TeXHOJIOTii, 3aBAAKN SAKUM 3MEH-
OIYIOTbCSA BUKUAUW BYTJIEKUCJIOTO Tasy B aTMocdepy.

NABOPATOPHUW OOCIIA Ne 2

JocnigkeHHA aAcopOUuiiHOT 34aTHOCTi aKTUBOBaAHOIO BYrinnsA
Ta aHaNoOriYHUX JNiKapCbKMUX npenaparis

O6na0HaHHA: TIITATUB 183 MPOOipKaMu, IMineTKHW, CIUPTiBKA.

Pearxmusu: akTuBOBaHe ByTiIA, « Bine Byrinnays, «bBina rimuaa» , po3unHn
YOPHUJI, Oy, OPUIBAHTOBOTO 3€JIEHOTO («3€JIEHKM » ) Ta METUJIEHO-
BOTO CUHBOTO («CUHBKH » ).

| Upasuaa O0e3meKu:

® . IS OOCJiZiB BUKOPHCTOBYUTE HEBEJUKiI KIJIBKOCTI peakTuBiB;
« ocTepiraiitecd MOTPAIJITHHA PEaKTWBIB HA IIKipy, B OdUi, HA OOAT;
- IIi yac HaArpiBaHHA He TOPKaWTecd pyKaMu rapAduX IIPeIMeTiB.

Y po3umH yopHMJA MOMICTIiTH TabJIETKY aKTHUBOBAHOTO BY-
rimng. CrpymyiiTe posunn. SIK smiHoeThCA 3abapBiaeHHa? Ha-
rpifite posumH o KumiHHa. [Ilo cmocrepiraere?

BukonaiiTe anajoriuni gociigu, qomgaBINy 0 BOAU AeKiJIbKa
Kpamneab HOAHOI HACTOSAHKMW, CIMPTOBOrO PO3UMHY OApBHUKIB:
OPUJIbAHTOBOTO 3€JIEHOTO («3€JeHKN» ), AKNHA BUKOPUCTOBYIOTh AJIS 00POOKU
paH, ab0 METUJIEeHOBOTO CHUHBLOTO («CHMHBKMI»), IO AONAIOTH Y BOAY IIiJ yac
BUOiIIOBAHHA OiIM3HU.

IToBTOpiTH mocaigu 3 mpenaparamu «bBisne Byrinas» ta «Bina ramna». Ta-
KOMK MOKHA BUIIPOOyBaTH iHI hapMalieBTUUHI IIpenapaTu, Hampukaan «BEH-
Tepocresib», «ATokcuii», «Copbekc», «CmexTa» Toro. ITopiBHATE pesyIbTaTH.

o

~@{ KnouoBa igesa
2 ]

| - - .
- Cuniuin(lV) okcnp € OCHOBOIO He fivlle NPUPOAHNX FPYHTIB i MOHOMITHHNUX YTBO-
peHb, ane N CyyaCcHMX matepianis.
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KoHTpONbHi 3annTaHHA

427. Y akomy Burnagi Tpannaetbca cunidin(lV) okeng y npupogi?

428. CxapakTepusyinte ¢isnyHi Bnactnsocti cuniuinn(lV) okeuay. MoAcHiTb, AK BOHM
nos’A3aHi 3 oro byaosoto.

429, CxapaKkTepu3yinTe 3acTocyBaHHA cuniuini(lV) okcumay.

430. lLlo Ha3mBaloTb cunikarenem? [le 1Oro BUKOPUCTOBYIOTb?

431. HaBeaiTb NnpuKnagm npupoaHnx CUnikaTis.

432. Lo € cMpOBMHOI ANA CUNiKaTHOI MPOMMCIOBOCTI Ta AKi HalBaXkNMBiWi Npo-
OYKTW BOHa BUMyCKae?

433. lllo Ha3MBalTb KepaMiKolo, LieMeHTOM, 6eToHOM, 3ani306eToHOM?

434, Ha3BiTb NOTeHLUilHi eKonoriyHi npobnemu, Nos's3aHi 3 BUPOOHNLTBOM LIeMEH-
Ty, Ta MOXNUBI WNAXM X 3anobiraHHA 1 yCyHeHHA?

3aBAaaHHA ONsA 3aCBOEHHA Ma'repiany

435.Tig yac AofaBaHHA [O HATPIM CunikaTy PO34MHY aMOHIV Xnopugy BuMagae
0Caj, CUNIKATHOT KNCNOTU. AK NOACHUTU Lie siBuLLe?

436.CknagitTb PiBHAHHA peakuiyl AnA 34iNCHEHHA NepeTBOPEHD:
Na,SiO; — H,Si0, — Si0, — CaSiO,.

437. Kanbuin cunikat 2Ca0-Si0, MiCTUTbCA y CKadi LeMeHTY. 3anuLiTb PIBHAHHA peak-
Uil yTBOPEHHS Lji€l pe4oBWHM Mif Yac CrikaHHA CYyMiLli KBapLIOBOrO MiCKY i BaMHAKY.

KomnnekcHi 3aBgaHHA

438. O6uncnitb macy cuniyin(lV) okcuay, HeobxigHy Ans nepeTBOPEHHA KaslbLMHO-
BaHoi coan Na,CO, macoio 1 T Ha HaTpiid cunikar.

439, O6YMCNiTb Macy PO3UMHY HaTpPI CKiKaTy 3 MacoOBOK YacTKoto coni 12,2 %, AKWIA
MOXXHa Ofiep»KaTu 3 HaTpili KapboHaTy Macoto 26,5 I Ta KpemHesemy macoto 20 T.

3aBp,aHHﬂ 3 PO3BUTKY KPUTUYHOIoO MUC/IEHHA

440.7K BV BBaXka€Te, YOMYy KBapLIOBUW MOCyA, po3neyeHuin y nonym'i, He Tpicka-
€TbCA Nif YaC KOHTAKTY 3 XONO4HOI0 BOAOIO?

441. Cymiw, i3 skoi dopmytoTb cunikaTHi (6ini) UernuHK, OfepPXylTb Ai€l BOAM
Ha CyMill KBapLOBOro Micky i HeraweHoro BanHa. ChopMoBaHi LernmHy Ha-
rpieatoTb, 06pobnsioun ix BoasHow napot. CKNaaitb PiBHAHHA peakuiit, Wwo
BiOyBalTbCA B NpoLeci BUpOOHMLTBA CMAIKATHOI Liernu.

MiHi-npoekTn

442, BuKoHaliTe B LIKISIbHIM XiMiYHiin nabopaTopii Y NpUCyTHOCTI BUMTENA AOCAIAN 3
HaTpIili cMNikaToM Ta NOACHITb cnocTepexeHHaA. [JoTpumyiiTeca npasun 6e3neku.
Hocnig 1. Mpoaynte ByrnekNCcnni ra3 Kpisb po3umnH HaTPin CUiKaTy, CKOpUC-
TaBLIMCb ra3oBifBigHO TPYyOKOK abo CONOMUHKOL.
Hocnig 2. [1o po3urHy HaTpi cunikaty AOANNTE PO3YMH aMOHIn xnopugy.
Hocnig 3. MomicTite Aekinbka kpuctanis ¢epym(lll) xnopmay B 6aHKy 3 KOH-
LeHTPOBaHMM PO3UYMHOM HATpPIN CUMIKaTYy.



TEMA 4. HEOPTAHIYHI PEYOBWHMW | TXHI BNACTMBOCTI

[Jocnig 4. 3aHypTe B PO34YMH HaTpii cunikaTy AepeB'AHy CKiNKy N 3anuwTe
B HbOMY Ha fekKinbKka AHiB. MNoTiM BUCYWIiTb CKiNKy i NOMICTiTb i B nonym's.
[oBTOpITb AOCAig i3 HEBENNKMM KNAaNTUKOM TKaHUHN.

§ 31. 3aranbHa xapaKTepucTuka mMeTasiyHNX eNleMeHTiB
Ta meTanis

MpwuraganTe:
+ 0CcO6NMBOCTI MeTaniyHoOro 3B'A3Ky (3a § 8);
+ i3nyYHi BNAaCTMBOCTI PEUYOBMH i3 METaNiUHUMN KPUCTaniYHUMK rpaTkamu (3a § 10).

OcobnuBocTi 6yfoBU eNeKTPOHHOI 0OONIOHKN aTOMIB
Ta micue B [lepiognyHin cucremi

3i 118 ximiuHuX ejgeMeHTiB, BifoMHX Ha choronHi, 0am3prko 100 ee-
MeHTIiB € merasdivnumu. ¥ IlepiogmuHiil cucTemMi BOHU pO3TaIIOBaHiI Bif
TMOYaTKy KOYKHOTO Iepiofy, a TaKosK y ABOX poAmMHAax f-emeMeHTiB: JlaHTa-
HOimu Ta AxTumHOimu (Mmama. 31.1).

B aTomiB MeTaniuHMX €JIeMEHTIiB Ha 30BHIIITHbOMY €HEPreTUYHOMY PiBHI
MicTHUTBhCS HeBeJIMKa KiJIBbKICTh eJeKTPOHIB:

*y S-eJIeMeHTiB — ofuH abo IBa;

-y d-eneMeHTiB — gBa (4K BUHATOK — OJUH);

+ Yy p-eJIeMeHTiB I0o-pi3HOMY: B ejieMeHTiB 3—5 mepioaiB — mo 3—4 ejek-
TPOHU, B ejleMeHTiB 6—7 mepioniB smauHo OijbIlle, ajie uepe3 3HAUHe Bimma-
JIEHHSA BiJl Aapa BOHU CJIa0KO IMPUTATAIOTHCA IO HHOTO.

1 2

sl s pl p? p3 pt pb pb
Li|Be
NaMg dl d2 d3 d4 d5 dﬁ d7 dS d9 le Al
K |[Ca|Sc|Ti|V |CrMn|Fe|Co|Ni|Cu|Zn|Ga
Rb|Sr| Y |Zr |Nb|Mo|Tc|Ru|Rh{Pd|{Ag|Cd|In [Sn
Cs|Ba|Lu|Hf|Ta|W |Re|Os| Ir [Pt |Au|Hg| Ti |Pb|Bi|Po

Fr|Ra|Lr|Rf|Db|Sg |Bh|Hs|Mt|Ds|Rg|[Cn|Nh| Fl |Mc|Lv|Ts

La|Ce|Pr|Nd|PmSm|{Eu|Gd|Tb|Dy|Ho|Er Tm|Yb
Ac|Th|Pa| U |[Np|PulAm|Cm|Bk|Cf | Es [FmMd|No

Man. 31.1. MeTtaniuHi enemeHtn B lepioanyHin cuctemi
(o — s-enemeHTN, ® — d-eNemMeHTN, = — p-eNnemMeHTn, = — f-efnemeHTn)



§ 31. 3aranbHa xapakTepucTMKa MeTaNiuHUX eneMeHTIB Ta MeTanis

AToMu MeTaniuHMX eJeMEeHTIB y XiMiuHMX B3aeMOAisix JIMIIe BigmarThb
€JeKTPOHU Ta, AK HACJIIJOK, HaOyBaIOTh CTiNKOI eJIeKTPOHHOI KOoHpirypariii
aToOMiB HAHOJJMIKYOr0 iHEPTHOTO eJieMeHTA.

Omxe, MeTAIW B XiMiUHMX peakIlifix € BUKJIOYHO BiTHOBHUKAMHU. ¥ IIHO-
My HOJIATa€ iX MPUHIIMIIOBA BiAMiHHICTBL BijJ HeMeTaJiB.

Hna mMeTamiyHUX eJIeMEHTIB XapaKTepHa HeBeJnKa eJeKTPOHEeraTHuB-
HicTs — meHmia 3a 1,8. Haiibinbime MeTaiudi BJIACTUBOCTI BUABJIEHI B eJie-
menTiB IA rpynu Ilepiogmunoi cucreMyu — JIyKHHX eJeMeHTiB. IxHi aTomu
HaCTiJIBKY JIETKO BiIJAOTh BAJIEHTHI €JIEKTPOHH, IO B IIPUPOJI IIi eleMeHTI
mepe0dyBalOTh BUKJIIOUHO Y BUTJIALL CIIOJYK.

MNowmnpeHricTb MeTaniyHux enemMeHTiB y npupoai

CnmoBo «MeTas» IMOXOAUTEL Bif rpembKoro metallon, o o3Hauae «pyi-
HUK» abo «maxrta». [lificHo, 6araTo MeTaJiuHUX €JIEMEHTIiB TPaIlJIAIOTHCS
B IPUPOML ¥ BUTJIAIL PY/I, IO CKJIALAIOTHCA 3 OJHOI0 a00 MIeKiJIbKOX MEeTAaJo-
BMicHUX MiHepasiB. MiHepajsiu # ripcbKi mopoau, AKi MiCTATH CIIOJIYKU MeTa-
JIUHUX eJIEMEHTiB i mpuaaTHi Aad 7o0yBaHHS MeTajiB IPOMUCJIOBUM CIIOCO-
OoM, Ha3WBAIOTH pydamu: 3aIi3Ha pyAa, alioMiHieBa, MifHa, CBUHIIEBA TOIIIO.

Haitnomupenimuit y 3emMHifl Kopi mMeramiunumii eareMeHT — AmoMimini
(7%), Bim mocrymaerbcsa Jauilie ABoM Hemeramiunum — Oxkcureny it Cu-
gimito. JIpyre wmiciie cepen Meramiunumx eseMeHTiB mocigae Pepym (4 %),
tpere — Kambpmiit (3%), morim Hartpiii, Kamizi i Marwuiit (6auspko 2 %),
Turan (0,6 % ). HabGarato menrmre B 3emHuiil Kopi Xpomy (0,01 %), Kynpymy
(0,005 %), Ypauy, Cranymy (6aussrxo 0,0002 % ), Aprearymy (0,000007 %),
Mepxkypio (0,000005 %), Aypymy (0,0000001%). VYci pamioakTuBHI Me-
TajmiyHi eseMeHTH (3a BuUHATKOM Ypauy ¥ Topiio) y npupoxi HaaBHI
B HE3HAUHHUX KiJbKOCTAX ab0 B3araJyii He BUSABJIEHI.

3aranbHi ¢i3nMyYHi BNaCTMBOCTI MeTanis

Hia merasniB Ta IXHIX cIUIaBiB xapak-
TepHi 3arajibHi BJIACTUBOCTi, IKi 3yMOBJEHi
HaAsBHICTIO B HUX METaJiuHOTO 3B’SABKY.

- 3a Koavopom yci Meranum MamKe oOf-
HaKOBi: cpibJsicTo-cipi, MOXKYTh OyTU OEIIo
TeMHiImuMu abo cBiTaimumMu. Yci MamoTb
MeTaJivHUN OaucK (OinbIIOI0 YW MEHIIIOI0
mipoio). IleAaki mMeranm MaloTh CBiTJIO-0Ja-
KUTHUN BiATiHOK. JluIille TphboM MeTajaM
BJIACTUBE XapaKTepHe 3abapBJIEHHS: 30JI0- Man. 31.2. Llesit — oguH
TO — JKOBTe, Migb — uepBOHA, Ie3ili — i3 TPbOX MeTanis, Wo MatoTb
cBiTmo-:KoBTHH (Manm. 31.2). XapaKTepHe 3a6apBreHHs




Temnepatypa nnasneHHs, °C

lyctuHa, r/cm3
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Hg Ga Na Sn Pb Zn Al Ag Au Cu Fe W Man. 31.4. TemnepaTypa nnaBfaeHHA
ranito Taka HW3bKa, WO BiH MMaBUTbCA
Man. 31.3. TemnepaTypy nnaBneHHA JeAKUX MeTanis Bifl TeNOTU NIOACBKOro Tina

0,53 0,97

+ Temnepamypu nnaénenna MeTalIiB BapilolOTh y AysKe HINPOKOMY Aia-
masoHi (mas. 31.3). Haii6inbIim JIeTKOILIaBKUH MeTaJa — PTYTh — 3a KiMHAaT-
HOI TeMmepaTypu € pigmHoI0. ['amiii mIaBuUTHCA BiJl TEIJIOTU JIOACHKOTO Tijia
(mag. 31.4). Is meTasiB, 1110 IITMPOKO 3aCTOCOBYIOTHCS B TEXHIiIli, HaNOiaBII
JIETKOILJIaBKi — 0Ji0BO i cBuHenb. MaKcuMaJIbHy TeMIIepaTypy ILIaBJIeHHS
mae Bosb(pam. Meranu, Temneparypa maaBieHHAa akux Bumia 3a 1000 °C,
Ha3WBaIOTh MY2ONIA8KUMU.

« Metanu nyske pisHATBHCA 3a 2ycmunoro (man. 31.5). Haiimenma ryc-
TUHA B JIY)KHUX MeETaJIiB: JIiTito, HaTpifo i Kasmito. JliTiii HaBiTH crIMBaEe Ha
THOBEPXHIO racy, I'yCTHHA SKOT0 MeHIIa 3a I'ycTuHy Boau (maji. 31.6). Meraiu
3 TYCTHHOIO, MEHIIIOI 3a 5 I'/cM®, Ha3WBAIOTh Jle2KUMU, 4 1HII — 8aicKUMU.
Jlo Jerkmx, KpiM JY:KHUX 1 JIYyKHO3eMeJbHUX MeTaJIiB, BiJHOCATH MAarHii,
asoMiHi# Tormo. HaiiGigbin BaXKKMMU € IIPOCTi peduoBUHU d-ejieMeHTiB 6 1me-
piony, a Tako: axTuHOinu. Hampukiazn, pTyTh Mae ryctuny 13,6 r/cm3,
TOOTO JiTpOoBa OaHKa, 3all0BHEeHA PTYTTIO, BasKuTh 13,6 Kr! HaiiBakui meranu

21,5
19,3 g i

2,7
Man. 31.6. Y niTito HameHLla cepep ycix

Li

. N
Na Al Sn Fe Cu Ag Pb Hg Au Pt MeTaniB ryctuHa (0,5.3 r/cv’), BiH nnasac
He JiMlle Ha MOBepXHi BOAW (K iHLI nyHi

Man. 31.5. [ycTvHM geakux meTanis meTanu), a 1 Ha nosepxHi racy (0,81 r/cm?)



§ 31. 3aranbHa xapakTepucTMKa MeTaNiuHUX eneMeHTIB Ta MeTanis

B IPUPOALI — ocMiii Ta ipmmiii A
(ryctura 6au3bK0 22,6 T/cM3).

*Teepdicmv pedYOBUHU
OI[iHIOIOTH 3a II 3gaTHicTIO 3a-
JUINATHA IMOAPAINHU Ha iHMINR
peuvoBuni. HaiiTBepaima pe-
YOBMHA — ajMa3 — B3aJIINae
caig Ha OyAb-AKMUX IIOBEPXHIAX.
I3 meTasiB 3a TBepAicTIO 0
ajMasa HAUOMMIKUUN XPOM —
BiH mpdanae ckiao (man. 31.7). C C W Fe Cu Al Ag Au Sn Pb K Na
Haiim’akimi — aysxkHi Mera-
Jau, iX MOMKHaA pisaTu HOMKeM.
M’aKuMB € TaKoX CBUHEIb,
0JIOBO, IIMHK, CpiOso, 30JI0TO.

« Enexmpo- ma mennonpo-
8idnicmsb. Yci meranum gob0pe
MIPOBOJATH €JIEKTPUUYHUI CTPYM.
Haii6inpima e1eKTpOIpoBigHICTD
y cpibJia, mero MeHIna — y Miai
i 3osiora (maj. 31.8). Ase cpi6-
JO — IIle ODOPOTUH MeTaJi, Horo
BUKOPWCTOBYIOTH JIUIIIE IJIS BU-
TOTOBJIEHHS BHCOKOTOUHUX MIPU-
agagis. Y mobyTi 3acTOCOBYIOTH
mepeBaskKHO MigHI APOTH, BOHU Man. 31.8. BigHoCHa eneKTpOonpoBIAHICTb MeTanis
MaloTh 3HAUHO KpaIllli XapakxTe-

PUCTUKU, Hi’K IPOTU, BUTOTOBJIEHI 3 aJiOMiHiiO.

Ilin uyac mpoxoaKeHHs Uepe3 MeTaJl eJeKTPUUYHOTO CTPYMY dYacTHHA

eHeprii mIepeTBOPIOETHCA HA TEIJIOBY — MeTaJ HarpiBaeTbcsa. BuKopucTaH-
HA aJIIOMiHi€BHX OPOTIB 3a BUCOKMX HaBaHTaKEeHb HA €JIEKTPUUHY MeEpPe:Ky
MOJKe IIPU3BECTU A0 IX posmiaBieHHA. Oco0auBo HeO0e3MeUHMMHU € Micild
KOHTAKTy aJIOMiHieBMX i MigHMX ApOTiB — BOHU HarpiBalmThcsa HabaratTo
MIBUJIIIE, 10 MOMKE CIPUUYMHUTHU IOXKENKY.

EnekTpompoBigHicTs MeTaNiB 3aJI€KUTh BiJf KiJIBKOCTI BiTBHUX eJieK-
TPoHiB y Kpuctaai. Kpim Toro, unm 06inblile B MeTasi BiTbHUX €JEKTPOHIB,
TUM IIBUAIIE BifOyBa€ThCs BUPiBHIOBAHHSA TeMIIEPATYPU B YChOMY KPUCTAJI,
TOOTO TUM OijbIlla Horo TemaonpoBigHicTs. TomMy g O0araTboX METAaJIiB
OMM3BLKUMHU € BifTHOCHI 3HaUEHHS TeIlJIO- M eJeKTPOIPOBimHOCTI.

« I[ITnacmuunicms (Koekicmsv). Bararo mMerasaiB maacTU4Hi, TOOGTO MO-
JKYTh 3MiHOBaTH popMy 0e3 pyHHYBaHHS, HAIIPUKJIAL, POIIIIOIIYBATUCS BiJ

100
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40

30 29 y7 25
18 15

BigHocHa TBeppaicTb, %

5 4

Man. 31.7. TBeppicTb meTanis NOPIBHAHO 3 TBePAiCTIO anmasy

A 100 95

62 59

35
28 9g
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BigHoCHa enekTponpoBigHicTb, %

Ag Cu Au Al Na W Zn Fe Sn Pb Hg
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yaapy mosorom. Haii6inbn miacTUuHEME € 30JI0TO, cpibiro, Miab, 010BO. Ix
MOJKHa PO3KATyBaTH B TOHKY (oJbry. IIpOKaTKOI MOMKHA OJep:KaTu Iapu
30JI0Ta 3aBTOBIIKY JAeKinbKa aTomiB. CaMe TaKi 30/10Ti TYCOUKW BUKOPUCTAB
Pesepdopna mim uac mocraimkenHs OygoBu aTroMa. 30BHI BOHHM HaraayiooThb
HAaIIiBIIPO30OPY 3€JeHYBATY ILIiBKY, IO IPOIYyCKae CBiTJIO.

IIle 3a uacie KuiBcbkoi Pyci HaWTOHITY 30JI0TYy (OJbry (CyxXO03JiTHE
30JI0TO) 3aCTOCOBYBAJIM [Js 30JI0UEHHA BUPOOIB i3 JepeBMHU i KepaMiKwh.
TOHKHM 30JI0TOM MPUKpAIIaJd PYKONMCHI KHUTU Ta iKOHHU. 3i 3JUTKAa 30-
JoTa Macoio juille 1 r MOKHA BUTATHYTH APIT 3aBHOOBMKKU Maike 3 KM abo
BUTOTOBUTHU JHCT (POIbIH miomeo 1 m2.

”
o

2/

S

KniouoBa igesa

BnacTtvBoCTi meTaniB pye Bigpi3HATbCA, ane GiNbLIOK YM MEHLIOK MipOt M
npuTamaHHi TeNJIo- Ta eNeKTPONPOBIAHICTb, MNACTUYHICTb | MeTaNiYHNIA BIUCK.

KoHTponbHi 3annuTaHHA

443, flKi xapakTepHi 0COOMMBOCTI METaNiUHUX eNeMeHTiB?

444.Y akin yactuHi [epiognuHoi cnctemm po3millleHi meTaniuHi enemeHT?

445. CxapaKTepu3ynTe NOWNPEHICTb MeTaliYHUX eNeMeHTIB y Npupogi.

446.(CxapaKkTepusynTe 3aranbHi BNacTUBOCTI MeTaniB. Ym BOHM 3yMOBAEHI?

447, HagepiTb NpuKNagM metaniB i3 BUCOKMMWU i HU3bKUMU 3HAYEHHAMU Tenno-
N eneKkTponpoBigHOCTI.

448. Aki meTann Ha3MBaloTb TYronaaBKUMY, NErKUMK, BaxKKUmn? HaBepitb nprknagu.

3aBAaHHA NS 3aCBOEHHA Ma'repiany

449, MMopiBHAWNTe eneKTPoHHI KoHbirypauii atomis bepunito i MarHito.
450. HaBepiTb Mo ogHOMY NpurKnagy: a) TBEPAOro TYronnaBKkoro metany; 6) m'akoro
TYronnaBKoro meTtany; B) M'AKOrO JIEFKOMIaBKOro MeTanny.

KomnnekcHi 3aBgaHHA

451. O6uncnitb fOBXUHY pebpa Kyba macoto 1 T, Bignutoro i3 3anisa (ryctuHa 3a-
nisa 7,87 r/cm3).

452, KpnTrnyHa maca ypaHy-235, 3a AKoi BifbyBaeTbcA AfepHuin BUOYX, CTaHOBUTb
0,8 Kkr. Akui pagiyc R mana 6 ypaHoBa Kyfifa Macoto, WO JOPIBHIOE KPUTUYHIN?

ycTuHa ypaHy 19 r/cm?, o6'em Kyni 06unc/Io0Tb 3a GOPMYIION |/ = imﬁ
3

3aBp,aHH$I 3 PO3BUTKY KPUTUYHOIro MUC/NIEHHA

453, lLlo cTaHeTbcA i3 30/10TOI0 KabnyuKoto, AKLWO 3anmwmnti ii B po3urHi depym(ll)
XJI0pUAY 3a KiMHaTHOI Temnepatypwu?

454.TopiBHANTe eNneKTPOHHY OyAoBYy aTOMIB MeTaniuyHUX, HaniBMeTaniyHmX
Ta HeMeTaniuHUx enemeHTiB. [OACHITb, AK eneKTpoHHa 6yfoBa aTOMIB ene-
MEHTIB MOB'A3aHa 3 Pi3HUM efleKTPUYHMM OMOPOM MPOCTUX PEYOBUH, AKI
BOHW YTBOPIOKOTb.



§ 32. 3acTocyBaHHA MeTaniB i CrnasiB

455, lLlo cTaHeTbCA 3 MiGHUM 6pacneToMm, AKLWO BiH KOHTaKTyBaT/Me 3 PO3YMHOM
apreHTym(l) HiTpaTy Aekinbka roguH 3a KiMHaTHOI Temnepatypu?

456. MeTaniuHi enemeHTn A i B po3TawoBaHi B ogHin rpyni MepiognyHoi cuctemu.
OpfvH 3 efleMeHTIB po3TalloBaHWI y ApYroMy nepiofi, a iHWUN — y n'ATomy.
[ycTrHa npocToi peyoBuHW B Ginblua 3a rycTUHY nNpocToi peyoBuHN A. AKni
3 efleMeHTIB po3TalloBaHUn y gpyromy nepiogi? MoAcHiTb CBOIO BignNoBiab.

§ 32. 3actocyBaHHA meTaniB i cnnasiB

3acTocyBaHHA MeTaniB

Is maBHiX-maBeH JIOAU BUKOPHCTOBYIOTH METaJM B PiSHUX Taly3saX CBOEI
IisTbHOCTI. 3aCTOCYBaHHA METaNTiB, AK i iHITMX MaTepiasiB, HacaMmepeI I'PyH-
TYETHCA Ha IXHIX (DIBWYHUX BJIACTUBOCTAX. SaBAAKU BEJUKINl MIITHOCTI MeTaan
€ TOINMPEeHUMH KOHCTPYKIIIHHUME MaTepiajiamMu. A 3JaTHICTh TPOBOAUTHU €JIeK-
TPUYHHUNA CTPYM POOUTH iX HEOOXiTHMM eJIeMEeHTOM Pi3HOMAaHITHUX eJIeKTPOTeX-
HIiYHUX TIPUIALiB: BiJi BeINUE3HUX €JIEKTPOreHepaToOpiB 0 MiHi-KOMII IOTEPiB.

YucTi MeTas BUKOPUCTOBYIOTH HOCUTDH PiAKO. 3 AysKe UMCTOI Mimi BUro-
TOBJIAIOTH APOTH (HAABHICTH HABiTh AECATUX YACTOK Bif[COTKA MOMIIIIOK CyTTE-
BO 3MEHIITY€E eJIeKTPOIPOBiIHICTE), a YUCTi 3aJ1i30 Ta HiKeJIb 3aCTOCOBYIOTh /IS
BUTOTOBJIEHHSI BAKYYMHOI T€XHIKU. ¥ OiJbIIOCTI BUIIAAKiB uncTi Mmetanau abo
eKOHOMIUHO He BUTiAHi, ab0o IXHi BiIacTMBOCTI He BiAIOBiZal0THL IEBHIM BIMO-
ram. HampukJian, 4ucTe 3a1i30 HEJOCTAaTHBO MiITHE, a YMUCTE 30JI0TO 3aHAITO
m’sKe. ToMy cbOTOHI 3aCTOCOBYIOTH ME€PEBAKHO CILJIABU METAaJIiB, 0 TOTO K
IysKe JacTo JJIsi TIEBHOTO BUKOPUCTAHHA PO3POOJISAIOTH CIeIliaJbHUI CILIaB.

MNoHATTA npo cnnasu

VY posmiaaBiaeHOMY CTaHiI MeTajIu 3a3BUYAM JIETKO 3MIIIYIOTHCSI MiK CO-
0010, YTBOPIOIOUM OHOPiAHY cyMmiril — posumH. Ilig yac oxXoJa0mKeHHa TaKkol
CYMIiIIli YTBOPIOETHCS CNJLAB.

BiacTuBocTi cmiaBiB MOMKYTH 3HAYHO
BiIPiBHATHCA BiJl BJIAaCTUBOCTEN UMCTUX Me-
raniB. Temmeparypa IaaBJIeHHA CILJIaBYy 37e-
0iIBIIIOTO HMKYA 3a TeMIIepaTypy ILJIaBJIeHHA
ioro kommoHeHTiB. Ile ny»ke mobpe imrocTpye
ciaB Byna, skuii MicTUTBh BicMyT, CBUHEIb,
0J10BO 1 Kagmii. Hafi6iabImn JerKonjaaBKuii i3
mux MeTajaiB (osoBo) miaaBuThbesa 3a 232°C,
a TeMmIepaTypa IJIaBJIeHHs ciiaBy Byna cra- Man. 32.1. CnnaB Byga nnaBuTbcA
HOBUTEL 69 °C, 1110 HMKUe 3a TeMOepaTypy Ku- 33 3HAYHO HWXKYOI Temnepatypu,
minaa Boau (Man. 32.1). HIXX MOro CKNafoBi




3acToCyBaHHA cCnnasiB

BamkiBcbKi Meranu (3070TO, cpibyio TOIMO) A KapOy-
BaHHS 00irOBUX MOHET He BUKOPUCTOBYIOTH, a JIUIIE AJIs
nam’aTHUX (1oBineiiHMX). Bini moreTnm B YKpaini kapoy-
I0Th i3 craji, amioMiHiio, Meabxiopy abo HelsuaInLbepy
(ctmaB Mifmi, HiKeJd0 Ta MUHKY), a KOBTI — 3 MiJHO-Hi-
KeJIeBOTO CILJIaBY.

3oj0T0, CpPibIO, MiAb, MJIATHHY Ta Majamiii BUKOPUCTO-
BYIOTH [JIsI BUTOTOBJIEHHA I0OBeJdipHUX criaaBiB. CiaB
30JI0Ta 3 MaJIafiEM 3a KOJbOPOM Haraaye ILIaTHUHY, TOMY
oro Ha3MBAIOTH «0iIMM 30JI0TOM», HOMIIIKK KaIMiio
HAJA0Th 30JI0TUM BHUpPoOGAM 3€JeHYBaTOTO BiATIHKY.

Bpon3a — TBeppuit i crifikuii 1o Koposii cmias oJsioBa
3 miggro (75-90% Cu). 3 Hel BUTOTOBJIAIOTEL AeTajli Ma-
IuH, cBiuHUKHU, craTyi. Ilig uac ymapy O6poH3a A3eHbKae
cujbHiIIe, HiXK Migb abo omoBo. Tomy came 3 OpoH3U
BiiJiMBau I3BOHMU.

Jaryup — 1e cmiaaB wmigi (mo 50 %) is muakomM. Bona
HabaraTo TBepAilia, HijK MeTanu B il CKJami, TOMy Iiei
CILJIaB 3aCTOCOBYIOTH JJI BUTOTOBJIEHHS NeTajieil MallluH
Ta CaHTeXHIUHMX BUPOOiB. JlaTyHb Mae rapHUM 30J0Ta-
BUH KOJIip, TOMY 3 Hel BUPOOJIAIOTH iHTep’€pHI mpuKpacu,
KOPIIyCH TOAWHHUKIB, ABEPHI PYUYKU TOIIO.

Meabxiop — cTifikuii g0 Kopo3sii cmmaB Migi 3 Hikesrem
(mo 30% Ni). I3 HBOrOo BUTOTOBJSIOTH AETAJi MAIIWH,
BUCOKOAKICHI JeTasi MOPChKMX YOBHIB, IIOCY[, CTOJIOBi
npubopu. Ille 6inbiy KoposifiHy crifikicTs i crifikicTb
IO cTUpaHHs Mae ciuiaB MoHeab (33% Cu i 66% Ni),
i3 HBOT'O BUPOOIAIOTL YACTUHU ABUTYHIB, Jomari TypOiH,
a TaKOXX MOHETU.

PapiontoduTensam no0pe BimoMuil mpumiii — JerKoIiaB-
KUM CIJIaB i3 OBOX YACTHH OJIOBA Ta OJHIiel YacTUHU
cBuHI0. OCKIIBKY B POBILJIABJIEHOMY CTaHi IIPUIiii JETKO
MPUINIIAE [0 Ao0pe 3aUMIleHOol MeTaieBol MOBEPXHi, foro
BUKOPHUCTOBYIOTh IJIA IAAHHS MeTAJiB.

HawBigominuii amoMiHieBU#A cmjiaB — TIOPAJIOMIiHIiM,
abo mropaias (93,5% Al, 4,5% Cu, 1,5% Mg, 0,5% Mn).
Bin Tpoxm Ba)Kumii 3a ajioMiHiii, ajge HabaraTo TBep-
mimuit 3a HboOro (Bim JatwmH. duros — «TBepOuUi, MiIl-
HUii»). I3 gropasioMiHil0 BUTOTOBJIAIOTL KOPIYCU CYAEH
i mirakiB, OaJKM A HMEePeKPUTTA OYAMHKIB, KOpIycHu
TOONMHHUKIB TOIIO.




§ 33. Hatpin. Hatpin rigpokcng. Jlyrun

N

KniouoBa iges

3acTocyBaHHA MeTaniB, AK i iHWMWX MaTepianiB, Hacamnepen rPyHTYETbCA Ha iXHIiX
bi3NYHMX BNacTUBOCTAX.

o

0 KoHTpoONbHi 3annTaHHA

457. o Ha3mBaoTb cnnaBom? HaBepiTb npuKknagm cnnasis.
458. Yomy 30e6ibLIOro BUKOPUCTOBYIOTb HE UNCTI MeTanu, a iXHi cnnasu?
459, CxapaKTepu3ynTe 3aCTOCYBaHHA YNCTMX MeTaniB Ta iXHix crnasiB.

4 3aBAaHHA gNnsA 3aCBOEHHA MaTepiany

460. CxapaKkTepu3ynTe CKfag, BAACTMBOCTI Ta 3aCTOCYBAHHA CMaBiB: 6pPoH3a, Nna-
TYHb, MeJbXiop, MOHeNb, NPUMii, [IOPANTIOMIHIN.

KomnnekcHi 3aBgaHHA

461. 3pa3okK 3aniza macoto 8,4 r 3aHypunun B XIOPUAHY KMcnoty macoto 200 r i3 ma-
coBoto yacTkoto HCl 6 %. O6umncnite Macy coni B po3unHi nicna peakuii.
462.T1ig yac B3aemMogii cnnasy Mifi 3 LUHKOM Macoio 13 T i3 HagANLLKOM XTOPUAHOI
KUCNOTW BUAINMBCA BoAeHb 06'eMom 2,24 1 (H. y.). O6uncnitb MacoBi YacTku
MeTaniB y Cnnasi.

463.3pa3okK CcTani Macol 5 r cnanunu B CTpyMeHi KncHio. lig yac peakuii yTesopu-
nunca Byrnekncnuii ras o6’emom 90 mn (H. y.) Ta cunidin(lV) okcna macoto 0,12 .
O6uncnite MmacoBi YacTku KapboHry i Cunidito B Lbomy 3pasky cTari.

3aBp,aH|-|$| 3 PO3BUTKY KPUTUYHOIo MUC/IEHHA

464.4n npaBunbHO roBOPUTHK, WO CMaB — Le Cymiw pisHUX meTtanis? Bignosigb
06rpyHTYITE.

465. PigkozemenbHUMUN enemMeHTaMu Ha3Banu rpyny MeTaniyHnX enemeHTiB, Wo, AK
BBaXKanocCA paHille, fyxe pifKo TpanaalTbCA B 3eMHi Kopi. [lpokomeHTynTe
BUCniB: «Pigko3emenbHUMM MeTanaMi Ha3nBalOTb MEeTanu, AKi Nnerwe 3HanTn
Ha CMITTE3BaNULLi, HiX Yy 3emni».

§ 33. Harpin. Hatpin rigpokcug. Jlyrn

3aranbHa XapaKTepucTuKa NyXHUX enemMeHTiB

Jly:xui enementu — enementu IA rpymnu (Li, Na, K, Rb, Cs, Fr), Bouu
€ TIePIINMU eJIEMeHTaMu KOYKHOTOo nepiony. Ha 30BHIIIEbOMY eHEPreTUIHOMY
PiBHi iXHiIX aTOMiB MiCTUTBCA II0 OJHOMY €JIEKTPOHY.

Y ny:KHUX eJIeMeHTiB HallMeHINIa eJeKTPOHEeTATUBHICTh cepej ycix eJie-
MEHTIB IIepiosy, y SKOMY BOHM pO3TaIllOBaHi. Brpauaiouu eJeKTPOH, aTOMU
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JYKHUX eJIeMeHTiB HaOyBalOTh CTifKOI eIeKTpo-
HHOI KoH@Iirypaiii aromiB HaWOJMKUIOTO iHEPT-
moro enemenrta (Lit — He; Na' — Ne Too).

N . . . . .
Ile migTBepisKye CHIBHI BifHOBHI BiacTHBOCTI
JY;KHUX MeTaJsiB, i HATpiio 30KpeMma.
S MowwpeHicTb y npupopi

Y Buradni mpocTMX PEUOBUH JIYKHI eje-
MEeHTU B IPUPOJAIL He TPAILIAITHCH, OCKiIbKU
BOHU XiMiuHO Jy:Ke aKTHBHi. 31 CIOJIYK JyiK-
HUX eJIeMEeHTiB momupeHi jguiie cumoqykm Ha-
Tpifo i Kauiro.

Y gemuinn kopi Bmict Harpito craHoBuUTH
2,64 %, Kamito — 2,4 % (Bigmosimmo, 4-Te
i 5-re micua cepen MeTaJiuHMX e€JeMEHTIB). Ycix IHIIUX JYKHHUX eJjie-
MeHTiB pasoM y 3eMHi#l Kopi 6amspko 0,01 %.

3uauni Kinbkocti #oniB Harpiro i Kasito B posumHeHOMY BUTIALL €
B MoOpchKifi Bomi: Na®™ —1,07% (HARNOIIMPEHIMINA MeTAJTIYHAHA eJIeMeHT
y MoOpchKil Bozi), K™ —0,038.

Man. 33.1. Hatpiin 36epiratoTb
nif Wapom piaKnx BYreBOAHIB

Di3nyHi BNacTMBOCTI NY>KHUX MeTanis

Y ny:xHUX MeTasaxX, 30KpeMa HaTpilo, aTOMU B KPUCTAJIUHUX I'PaTKaX
yIIaKOBaHi He IMiIbHO (aToMu 3aiimMaloTh Jjuire 68 % HasgBHOro 00’eMmy),
TOMY BCi JyKHI Meranmu — JieTKi Ta M’ AKi. UYepes HaA3BUUAHY XiMiuHy
aKTHBHICTb JIY)KHI MerTanau 30epiraroTh IIif Immapom racy a0o iHIIUX PIIKUX
ByrJyieBoAHiB (Maj. 33.1).

Hatpin

Jly:kHi MeTanum Hajle)XaThb A0 HaWOiJBIN XiMiuHO aKTHMBHUX PEUYOBUH,
BOHHU BUABJAIOTL JIMIIE BiIHOBHI BJaCTHBOCTI.

1. Bzaemogia HaTpiro 3 Hemerandamu. Harpiii akTUBHO B3aeMojie 3 He-
MeTajiaMH. ¥ peakIrii 3 rajoreHamMu, Cipkoio, azoroM, (ochopoM i cumimiem
YTBOPIOIOTLCS, BiAIIOBiZHO, rajoreHimgu, cyabdimu, miTpumu, ¢ocdizu Ta
CUIIIUAM:

2Na + Cl, = 2NaCl

2Na + 8 =Na,S

2. B3zaemogia 3 Bomoro. HaTpiit akTuBHO B3aeMOi€ 3 BOJOIO 3 YTBOPEH-
HAM BOJHIO i HATpPi#l rigporcuzmy:

2Na + 2H,0 = 2NaOH + H,T



§ 33. Hatpin. Hatpin rigpokecmg. Jlyrun

I3 KoHIIEHTPOBAHMMHU KHCJOTAMI HATPill pearye 3 BUOYXOM, TOMY TaKa
peakiia Hebesmeuna. Ilig yac B3aemonii 3 po3baBIeHUMU KUCJIOTAMU JIYIKHIL
MeTaJii TEePIl 3a BCe pearyiTh i3 BOMOI0 B PO3YMHI KWCJIOTHU, ITiCJIA YOTO
YTBOPEHUN JYTI HEUTPATidyeThCcA HAABHOIO KHCJIOTOMIO. I3 Iiel KX mpuumHU
JYJKHI MeTaJii He BUTICHAIOTH MEHINI aKTHUBHI MeTajJu 3 PO3UUHIB COJIEH.

Hatpin rigpokcug. Jlyrun

VYTBopeHuii y peakiiii HaTpiroo 3 BOAOI0 HATPiil rizpoxcun — myske moodpe
posumHHa y Boxi peuoBuHa (108,7 r v 100 r Bogm 3a 20°C). ¥ umcromy
BUIJIALL BiH sABJIsie co00i0 Giji JIETKOIIJIaBKi JIYCOUKM, IO «PO3TiKAIOTHCS»
Ha IIOBiTPi BHACJJIZOK TirpPOCKOITiYHOCTI.

Peaxkmiro HaTpito 3 BOJOI MOYKHA BUKOPUCTOBYBATHU A NOOYBaHHA
HaTpifi rizpoxcuay B JgabopaTopii, aje Ha IPaAKTHUIL Iell MeToJ He BUKO-
PHUCTOBYIOTh, OCKiJIbKM HabaraTo JAeIeBIlle KYIUTH HATPill TiApOKCHUI mpo-
MUCJIOBOTO BUPOOHUIITBA.

Tigpokcunu Ty;KHUX €JIEMEHTIB € CUIBHUMU OCHOBAMU — JIyraMM, i Ha-
TPill rigApoKcuUs € xapaKTepHUM OPEICTaBHUKOM JIYTiB.

JIyru, 3oKpemMa HATPi#l TiAPOKCHUI, € CUJILHHMHU eJIEKTpoJiTaMu i mobpe
IUCOIiIOIOTh Y PO3UMHI:

NaOH = Na' + OH™

Yepes 11e HATPi# rigpokcua BUABJAE BCl 3arajibHi XiMiuHi BJIacTUBOCTI
ocHOB. Bim B3aemogie 3:

* KHCJIOTHUMM OKCHUJIaMHU 3 YTBOPEHHAM CepedHiX coJieii:
2NaOH + CO, = Na,CO; + H,0;

KHUCJOTHUMU OKCHIAMU 3 YTBOPEHHSIM KHCJIUX COJIeH:
NaOH + CO, = NaHCOy;

kucyioramu: NaOH + HCl = NaCl + H,0;
kucaumu conamu: NaOH + NaHCO; = Na,CO; + H,0;

PO3UMHHUMHU COJIAMU (32 YMOBU YTBOPEHHSA OCAAY):
2NaOH +CuCl, = Cu(OH)Zi + 2NaCl;

amdoTepHUMH OKcuAamu (3a CILIABJIAHHS):
2NaOH + ZnO = Na,ZnO, + H,0;
aMdoTepHUMHU TigpoKcuaamMu (3a CIJIABJISAHHSA):
2NaOH + Zn(OH), = Na,Zn0O, + 2H,0;

aMmpoTepHUMHU TiApoKcumamu (y PO3UMHIi):
2NaOH + Zn(OH), = Na,Zn(OH),.

Ilix vac marpiBamHA HaATPill TiApOoKCUA IIJIaBUThCA 0e3 PO3KJIaJaHHS.
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3aCTOCYBAHHA NYXHUX MeTanis
Ta HaTpin rigpokcnay

« Pimkuit HaTpiii BUKOPUCTOBYIOTH AK
piZKoMeTaJiUHUI TEIJIOHOCIH y mepIiomy
KOHTYPi OXOJIOMKEeHHS ANePHUX PeaKTOPiB.

Y wMeranyprii HaTpiii HeoOXimHUI
IJis BiZHOBJIEHHA [OeIKUX TYTOIJaBKUX
mertasaiB. HaTpieM BiZHOBIIIOIOTH KaJIili rin-
pokcuy KOH nna nobyBaHHA KaJiio. Man. 33.2. Hatpiesi razopo3psgHi

- Crutas matpio (12%), xamito (47 %) Namni BUKOPUCTOBYIOTb ANA BYNNY-
Ta HeSiIO (41 (yo) Mae DEKOP/IHO HU3bKY IS HOro Ta NPOMUCIOBOIro OCBIT/IEHHA
MeTaJIiB TeMIiepaTrypy miaaBiaeHHs —78°C. YUepes Iie 1Oro BUKOPUCTOBYIOTH
AK poboue TijI0O HOHHUX ABUTYHIB IJIA KOCMIYHMX KOpPabOJiB.

- Harpiii 3acTOCOBYIOTH [Jid BUIOTOBJEHHS TIa30pPO3PATHUX JAMII
(mag. 33.2). Taki saMIIm BUOPOMiHIOIOTH SICKPaBO-3KOBTE CBiTJIO i MamoTh
TPUBAJINN TepMiH eKciyaraliil (JeKiabKa pPoKiB).

« HaTpi#i rizpoxcui BUKOPHUCTOBYIOTE AJIS OUUITIEHHS IIPOIYKTIB IIePepPOOKH
Ha(TH, y MUJIOBApiHHI, ITalepoBili, TEKCTUJIBHIN Ta iHIMUX TaJry3sgX ITPOMIC-
JIOBOCTi, a TaKOK I Yac BUPOOHUIITBA INTYYHOT'O BOJOKHA # Oiommselrro.

« Harpiii rigpokcuys € Tako:k 3aco00M IJIs IIPOYUINEHHS KaHaJIisaIliliHuX
TPYyoO.

- Kamifi — BaKauBuii OioreHHUii eJeMeHT, TOMY MOIr'0 CIOJYKH y Be-
JUKUX KiJBKOCTSX 3aCTOCOBYIOTH SIK MiHepajbHiI J00pmBa.

bionoriyHe 3HaueHHA Hatpito i Kanio

Harpiii i Kaniii € BakauBuMHu OioreHHUMH’ ejleMeHTaMHu: IXHi cmouy-
KM HeoOXimHi nisa icHyBaHHA i PYHKI[IOHYBaHHS JKMBUX opraxismis. Moxnu

\W A N ato
25

+
Na Na*

Qo

EHeprisn
BUKOPMNCTOBYETbCA

Man. 33.3. Hatpiit-kanieBnin Hacoc 3abe3neuye akTVBHUI TPAHCMOPT PeYoBUH
Kpi3b MemOpaHy KniTuH



§ 33. Hatpin. Hatpin rigpokcng. Jlyrun

Harpiro micTAThCA IIepeBa’XHO B MiK-
KJIiTnHHIN pigumui (maiixke B 15 pasis
OinbIille, HiK y IHUTOIJIA3Mi KJIiTHH),
a tioum Kaniro — ycepenmui KJIiTUH
(maiixxe B 40 pasiB OisbIle, HidK y MiK-
KiaiTuHHIT piguni). g pisauma 3ades-
meueHa (DYHKI[IOHYBaHHSIM HaTPil-KaJri-
eBoro Hacocy (mas. 33.3).

Vonu Harpiro i Kanito cTBOpIOIOTH
yMoBHU [nysa (isiosmoriuHmx mpoiiecis
CKOPOUYEHHs M’d3iB, mMiATPHUMAaHHSA KIC-
JIOTHO-JIYyKHOTO GaJsiaHcy, HOpmaJsisarii
BOJHOrO OaJialCcy B OpraHiami, akTuBarrii
baratbox (epmeHnTiB. [lopocJsia goguHA
Mae BXKHBATHU Ha 00y OJM3BKO 3 I #10-
miB Hartpito i 6 r i#oniB Kamnio. 3Bep-
HiTHL yBary, mio mnd KijJbKicTh Bu3Haue-
Ha 3 ypaxXyBaHHAM yCiX OKepes HOHIB
y pairiosi.

Man. 33.4. MNpoayKTh 3 nigcuaoBayamm CMaky,
nifconop)KyBayamm Ta KOHCepBaHTaMm
3a HaAMIPHOTO BXMBaHHA MOXYTb MOPYLUUTA
6anaHc Hatpito B opraHi3mi

OCHOBHUM [IpKepeJioM JIJisl IIOIIOBHeHH A 3amaciB HaTpito B oprauismi € 3Bu-
yaiiHa KyXOHHA CiJib. AJjie HaJMipHe CIIOKUBAHHA KYXOHHOI COJIi Moske mpu-
3BecTu Mo Haajauiky Harpiro B opraumismi. Ile ciipuunusae HAOPSAKM HIT Ta
00IMuus, MiABUINEHHS apTepiaJbHOTO THUCKY, HaaMipHe BuAigeHHa Kaiiro

i3 ceuero.

SArmio Hecraua Harpiro TpamisgeTrbcd PiKO, TO 3MEHINIEHHSA KiJbKOCTI
Kanito B opramismi Moske craTmcsa BHACJTILOK yTpaTHU 3HAYHOI KiJbKOCTI pi-

IvHY (3a3BUYAN MijJ Yac YaCTUX TPOHOCIB
abo 6aroBoTu). Hecraua Kasito cimpuuwm-
HfA€ MOPYIIEeHHA poboTHu cepsa i m’aA3iB,
HeBpaJriio.

H:xepenom Kaurito € cymeni abpwu-
Kocu, IINWHAT, AWHi, 6001, KapTOILId,
meyiHka, KiBi, aBokamo, GaHaHH, OpPO-
KOJi, MOJIOKO, IIUTPYCOBi, pumba TOIIO
(maz. 33.5).

3a Hecraui Kausito B r'pyHTi mopy-
IIYETHCA KUTTENIANBHICTh POCIUH: IIPU-
rHiyyeThcsa (OTOCHHTE3, BimOyBaeTbcA
MOYKOBTIiHHA ¥ BiAMWpaHHA JIUCTKiB
(max. 33.6). Tomy Kamiii y smaunmx
KiJIBKOCTAX 3aCTOCOBYIOTH MJA IiA-

Man. 33.5. MNpoayKTu, Wo NOMNOBHIOWTb
ymicT Kanito B opraHi3mi ftognHu
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KuBJeHHA pocaumH. Cmnoayku Kaiiio,
30KpeMa KaJiii HiTpaT, € BayKJUBUMHU
MimepampHuUMHU gobpuBamu. Iaa ix
BUTOTOBJIEHHS BUKOPUCTOBYIOTH Maii-
ke 90% comeit Kamiro, 1mo go0yBaroTh
y cBiTi.

KnouoBa iges

Kaniii i Hatpin — BaknuBi 6ioreHHi enemeHTy,
Man. 33.6. MepepuacHe NOXOBTIHHA NUCTKIB TXHi CMONYKN MaloTb BeIMKe 3HaUYeHHA ANnA cyyac-
CBIAUMTb NPo HecTauy Kanito B rpyHTi HOI HayKun 1 TEXHIKN.

(2]

4

KoHTponbHI 3anuTaHHA

466. fIki 0co6nMBOCTI OYAOBU €NEKTPOHHOT OOONOHKM aTOMIB NY>KHUX €neMeHTiB?
CxapakTtepusyiite enekTpoHHy 6ynoBy aTtomiB HaTtpito i Kanito.

467. CxapakTepu3yinTe MOLMPEHICTb Yy NPUPOAI Ta bionoriyHe 3HauyeHHA HaTpito
i Kanito.

468. CxapakTepu3ynte $i3nyHi i XiMiYHi BNaCTMBOCTI HaTpito.

3aBAaHHA ONA 3aCBOEHHA MaTepiany

469. BuzHauTe cTyneHi oKvcHeHHA enemenTiB y cnonykax: Na,S, K;N, K,0,.

470. K BM BBaXa€Te, YoMy 3i 36iNblUEHHAM NOPAAKOBOro HOMepa JyXHUX ene-
MEeHTIB 36iNblUy€eTbCA FYCTUHA YTBOPEHUX HMMW MPOCTUX PEYOBUH?

471. YaBiTb, WO y Bac € O4HAKOBI 3a GOPMOIO 1 PO3MIPOM LIMATOUKM HATpIlO i 3a-
ni3a. fIK BiAPI3HNTM Ui MeTann OAUH Bif OJHOrO, BUKOPUCTOBYIOUMN JNLLIE TXHi
BiAMIHHOCTI y ¢i3nyHKX BracTnBOCTAX?

KomnnekcHi 3aBgaHHA

472.Y AKil i3 HaBeAeHMX PevyoBMH MacoBa YacTka Hatpito Hanbinbwa: NaBr, NaCl,
Nal, NaNO,, NaClO,? Yn moHa BIifNOBICTY Ha Lie 3anuTaHHA 6e3 obumncneHb?

473. MonsapHa maca cnonyku Hatpito 3 OkcureHom fopiBHIOE 78 r/monb. BusHaute
bopmyny ui€i cnonykm.

474, O6uncnitb 06'em BogHIO (H. Y.), WO YTBOPUTLCA Mif Yac Aii Ha Bogy cnnasy,
AKUI MICTUTb HATpIn macoto 4,6 T i Kanin macoto 39 r.

3aBAaHHﬂ 3 PO3BUTKY KPUTUYHOIo MUC/NIEHHA

475. Yn MOXHa BUABUTU HAABHICTb y raci BOAM, BUKOPUCTOBYOUM HATPIn? Y MOX-
Ha BM3HaAyaTX MacoBY YacCTKY L€l Boan?



§ 34. Kanbuin. Kanbyin rigpokcng. XopcTkictb Boan

3aranbHa xapakTepuctuka Kanbuito

Kanb1iii HasuBaOTh AYHHOZCMEALHUM eJleMeHMOM, OCKIIBKY BiH YyTBO-
piotoe ayru. Ha 30BHINIHBROMY e€HepreTMYHOMY PiBHiI HIOro aToOMU MiCTATH
mo nBa ejdexTpoHu. ATomu Kasbllilo mparHyTh BiggaBaTu eJIeKTPOHU, Haby-
BAlOUM CTYIEHS OKHCHeHHA +2. ¥V mbomy Bumagky nonu Kaibiiro mabysa-
IOTH CTiliKOI eJIeKTPOHHOI KOoH(pirypailii aromiB iHepTHOTO eleMeHTa AProHy
(3s23p5), mo symoBmIoe BimHOBHI BiacTuBocTi Kanbiio.

MowwnpeHricTb y npupoai

Marmit i Kanepniii y BUIMJIAAl IPOCTUX PEUYOBUH y IIPUPOIL He TpAaILIsi-
IoThCA. ¥ 3eMHiln xopi Bmict Kausbiiro cranmosuts 3,38 %, a Marmiro —
2,35 % (BiATIOBimHO TpeTe i ImocTe Miclig cepell MeTANiUHUX €JIE€MEHTIB).
3HaYHA KiJbKiCTh WX eJIeMeHTIiB MICTUTHCS B MOPCBHKiil Bomi: IiomiB Mar-
mito — 0,14 %, Kansiito — 0,05 % (BigmoBimHo, apyre i Tpere miciis
cepen MeTaTiuHUX ejaeMeHTiB). MopchKa BOJA € OOHUM i3 TOJIOBHUX IKEpest
MarHi€BMiCHOI CUPOBUHU.

Cooanyku Kaabiito micTaATbecA B 0araTrbox KMBUX opranismax. Iifg-
pokcuanatutr Ca,(PO,);OH — ocHOBa KiCTKOBOI TKaHMHU XpeOeTHHUX,
a ¢ayopoanarur Cay(PO,);F — 3y6is. Kasbniii kap6onar CaCO, € rosos-
HOIO CKJIAZOBOIO UepeIlallloK Ta MYIIeJb MOJIIOCKIB i maHmmpiB 0araTrbox
0e3xpebeTHUX, SE€UYHOI IMIKApaJyIu TOIIO.

KanbLin

Kanpiifi — TUIOBHUE Jy)KHO3eMeJbHUNA MeTasl, XiMiuHO aKTHUBHUH, aJje
JIeIo MEHIIIOI Mipoio, HixK iHII JysKHO3eMeabHI MeTaau. ¥ XiMiuHEUX pe-
aKI[igX KaJbIlifi BUABJAE TiJIbKM BiJHOBHI BJIACTHBOCTI.

1. Bsaemogia 3 kucuem. Kanbirii
3a HarpiBaHHA Ha IIOBiTpi 3ropsde cJi-
nyuyum moaym’ am (maa. 34.1) 3 yTBo-
PEeHHAM OKCHUIY:

2Ca + O, = 2Ca0

2. Bszaemogia 3 iHmmMM#H HeMmeTa-
aamu. Kainblifi akTMBHO B3aeMOJie
3 HeMmeTasamMu ((pTOPOM, HOAOM, XJIO-
poM, (ochopom TOIIO) i3 BUAIIEHHAM
BeJMKOl KinbKocTi Temiotu. IIpomuc-
JIOBO BaKJIMBOIO € PEAKI[iA 3 BYTJIEIEeM. Man. 34.1. TopiHHa Kanbuito
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Man. 34.2. Y pesynbrarti B3ae-
Mofii KanbLito 3 BOAOK YaCTUHA
KanbLin rigpokcnay po3ynHAETb-
cAa y Bofi i 3MiHIoe 3abapBneHHsA
yHiBepcasnbHOro iHgMKaTopa,

a HagNMLWOK KanbLin rigpokcngy
yTBOpIOE 6innin ocap
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Y peaxiiii KaJbIlifo 3 ByIJIeIlleM YTBOPIOEThCA KaJbIlili Kapbin (ameru-
JIeHiZ), 110 € CUPOBWHOK JIA ONEPIKAaHHA eTUHY:
Ca + 2C = CaC,
IIig uac smimryBaHHS 3 BOJOIO KaJIbI[i KapOil, akTUBHO pearye 3 YTBO-
PEHHAM KaJIbI[iA TiIpPOKCUOY Ta €THUHY:

CaC, + 2H,0 = Ca(OH), + C,H,T

3. Bsaemonia 3 Bogoro. Kanbiiii BUTicHsAe BOAeHDb i3 BOAU 3a 3BUUYANHUX
YMOB:

Ca + 2H,0 = Ca(OH), + H,T

KanpIiii rigpoxkcus mMOMipHO PO3UMHSETHCA y BOIi, TOMY BiH € JIyroM
i smiHioe 3abapBieHHA iHmaukaTopiB (Man. 34.2).

4. Bsaemopia 3 kucaoramu. Sk i inir merasm, 110 PO3TAIIOBAHI B PALY
aKTUBHOCTI JIIBOPYY Bil BOAHIO, KaJIbI[ii AaKTUBHO B3a€MOJi€ 3 PO3UMHAMU
KHCJIOT 3a 3BUYAHUX yMOB:

Ca + 2HCI = CaCl, + H,T

Kanbuin rigpokcug

Kaneniii rinpoxkcun Ca(OH),, a6o ramene BamHO,— OiIMil IOPOIIOK,
Masiopo3unHEni y Boai. 3a temmeparypu 20 ‘C y 100 r Bogu po3unHSIETHCA
0,185 r KaabIli#i TiZpoKcumy, IPpUUOMY, Ha BiAMiHy Bim 0araTbox TBEPAUX
PEeYoBUH, i3 HiABUINEHHAM TEMIIEPATYPH MOr0 PO3UYMHHICTL B3HUIKYETHCH:
MaiiyKe y [IBa pas3y MeHINa y KHIJIAYiNl Bomi.
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Kanpiiii rizpoxcun y gadoparopii MosKHaA HOOYTH B3a€EMOMI€I0 3 BOIOIO,
K 3a3HaUeHO BHUIIE, ajie 3pYyUHille I eKOHOMiUHO BUTiAHIiIIIe fioro mo0yBaTu
B3aEMOJIi€I0 KaJIbI[ill OKCUIY 3 BOMJOIO:

CaO + H,0 = Ca(OH),

Came 1eill mporec, SIKMI Ha3WBAIOTL TaciHHSAM BallHa, BUKOPHCTOBY-
IOTh y OYyZiBHUIITBI IijJi Yac IPUrOTYBaHHA «BaIHSIHOTO TicTa». B3aemomia
KaJIbI[i OKCHUAY 3 BOJOI0 — HAA3BUYANHO €K30TEePMIiUHHUI IIPOIEC, IicJsa
3aJIMBaHHA BOJOIO0 KaJbIill OKCUAY BOJA Ay:Ke HarpiBaeTbcA U 3aKUIIAE.

Kaneniii rinpoxcuy 3a narpisanusa miasutbes (I, =512°C), a 3a Tpoxu
Bumroi Temmeparypu (580°C) — poskiamaeTbes:

Ca(OH), = CaO + H,0

Kanpmiii rizpoxcung — CUJBHHUII €JEKTPOJIT, TOMY HOro BiZHOCATH
mo sayri. Xoua KaJbIlill TiAPOKCHUA MaJOPO3UMHHUNA, ajle Ta HOT0o YacTUHA,
10 MiCTUTHCA Y BOAHOMY PO3UYUHI, TiITA€THCA €JIEKTPOJITUUHIT AUCOITiaIii:

Ca(OH), = Ca?" + 20H"

Yepes 1ie KaJbI[iH TiAPOKCHU BUABJISIE BCi 3araJibHi XiMiuHi BacTUBOCTI
ocHOB. Bin Bzaemogie 3:

* KUCJIOTHUMU OKCHUAAMU 3 YTBOPEHHSM CEpPegHiX coJeit:
Ca(OH), + CO, = CaCO, + H,0;

- kucmoramu: Ca(OH), + 2HCI = CaCl, + 2H,0;
* kucaumu cossamu: Ca(OH), + Ca(HCO,), = 2CaCO; + 2H,0;
* POBUMHHUMMU COJIIMH (32 YMOBH YTBOPEHHS OCAnmy):

Ca(OH), +CuCl, = Cu(OH),l + CaCl,;
+ aM(OTePHUMU OKcuAaMu (3a CIJIABIAHHS):

Ca(OH), + ZnO = CaZnO, + H,0;
« aM(OTEePHUMH TiApPOKcHUIaMu (3a CILIABIAHHA):

Ca(OH), + Zn(OH), = CaZnO, + 2H,0.

3aCTOCyBaHHA Kanblilo Ta Kanbuin rigpokcuay

« Binpmry wacTmHy KaJsbIlil0 BUKOPUCTOBYIOTH IJISI OJEPIKAHHA YUCTUX
MeTaJIiB: HiKeJio, Mifi, pifiKo3eMe/JbHUX MeTaJiB TOIIO.

« CtaB KaJIbIlilo 3i CBUHIIEM BUKOPUCTOBYIOTH AJIA BUTOTOBJEHHS aKy-
MyJATOPHUX OaTapeil Ta MiAMIMIHUKIB.

- Kanpmiit kap6oHAT BUKOPUCTOBYIOTH Y BUPOOHUIITBI II€eMEHTY, CTaJi,
CKJIA.

« Kanpmiii okcug Ta KaJablliil MigApOKCHUT Y YMCTOMY BUTJISAAL abo y CKJa-
Ii KepaMiuyHMX CyMiIlleli € CHUPOBUHOI JJisi BUTOTOBJIEHHS BOTHETPUBKUX
MaTrepiaiis.
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« Kanbmizi rigpokcun (raiieHe BaIlHO) € CKJIALOBOIO OymiBeJILHOTO PO3-
YUHY — B’AKYYOro MaTepiany IJas YKJIAOaHHSA IeTJIH, a TAKOXK IJs BUILO-
TOBJIEHHSA IIEMEHTY i OeTOoHy.

I3 KanbIilt riZpoxkcuay Onep:KylOTh BAIlHAHI HOOpWBa I 3HUYKEHHS
KHUCJOTHOCTI I'DYHTIB.

* SMINTyBaHHAM KAJbIIil TiIPOKCUAY 3 BOLOI0 OTPUMYIOTh BallHSHE MO-
JIOKO (CyCIIeH3ia KaJdbIliii TiZpoKCUAy y BOIi), a AKIIO oro BimdiisTpyBaTu,
TO BAJIUIIUTHCA IIPO30PUI POZUNH — HACUUYEHUUN PO3UMH KaJbIill riapokcu-
Iy — BaIllHAHA Boja. BamHsHe MOJOKO BUKOPUCTOBYIOTH AJIA MOOIJIKM Hpu-
MiIlleHb Ta cTOBOYPiB JepeB HaBeCHi, ofep:KaHHS XJOPHOTO BalHa, ¥ BUPOO-
HUITBI IyKpy. BanHsaHy Booy BUKOPHUCTOBYIOTh IJIA 3HUMKEHHSI KapOoHaTHOI
JKOPCTKOCTI BOAM, y JabopaTopifix [AJid BUSBJIEHHS BYIJIEKHCJIOTO Traasy.

bionoriyHe 3HaueHHAa Kanbuito i Marnito

Maruiit i Kanpiiiti — BakauBi GioreHHI MaKpoeaeMeHTH, Y 3HAUYHUX
KITBKOCTAX BOHU MiCTATHCA B TKAHWMHAX TBapuH i pocaumu (Mman. 34.3).

Maruii — HeoOXigHWI KMBUM OpraHisMaM s cuHTe3y Oiakis i ATD
y wriaitmHax. Pasom i3 Kasbiiem BiH Oepe ydacTh y mepefadi HEPBOBUX
imMmysbciB Ta ckopouenHi M’sa3iB. Hecraua Marwito B opranisami cipuunsse 6es3-
COHHSA, XPOHIUYHY BTOMY, OCTEOIIOPO3, apTPUT, MiI'peHb, M’ A30Bi CyIOMH TOIIIO.

Ha Maruiii 6arari rapoysoBe HaciHHsI, KaKao, KYHXYT, BUCIBKHU, Tropixu
(mag. 34.4). I:xepenom Maruito € TaKOK CBidKi 3esieHi oBOui.

Tranuau TBapuH Mictars 1,5-2% Kambmito. Monu Kanbiiio 6epyTsb
y4yacThb y mIpollecax 3cimamusa KpoBi, cekpelril meAkux ropmoHiB. KaubIiiii
HeOoOXimHuiA I PO3BUTKY Ta (PYHKIIOHYBAHHS OIOPHO-PYXOBOTO amapary
(kicTok) i 38y0iB, ToMy 3abe3meueHHsA opraHidamy KaJsbllieM ny:Ke BaKJuBe

Man. 34.3. Kopanosi noninu cknagawtbca Man. 34.4. MNpoayKTtu, WO NOMNOBHIOKTb Opra-
nepeBa)HO 3 Kanbljin KapboHaTy Hi3M noguHn MarHiem
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BOAM

B AUTAYOMY U IIiJIiTKOBOMY Birmi. ¥ pasi
Hectaui Kasbilifo B opraHismi BUHUKAa-
I0Th M’sA30Bi cygomwu, 0iib y cyriaobax,
THOPYIIIeHHs ITPOIIECiB POCTYy B AiTei, oc-
TEOII0PO3.

Bararo KasbIfito MicTuThCS B MOJIOU-
HUX IIPOAYKTax, M’ sci, pubi, y Zeaxux
POCIMHHUX IPOAYKTAaX, 30KpeMa B 6000-
BUX, rpeuri (mana. 34.5).

MopcTkicTtb BOAN

#Hopcmricmev 600u — 1e mpUpogHA
BJIACTUBICTH BOAU, 3yMOBJIEHA HASBHICTIO

Man. 34.5. MpoaykTty, wo 3abesneuyotb
opraHism niognHn Kanbuiem

B Hi#l posumuHux coJieii Kanabijito i Maruiro. CymMapHy KOHIIeHTpAIlif0o HOHIiB
Maruito # Kanbitito y BoAi HasMBaIOThL 3A2AJbHOK HOPCMKICMIO 800U.
PospisuaoTs mocTifiny #I TMMYacOBY »KOPCTKicTb Boau (Tabdua. 5).

Taoaumna 5. IlopiBHAHHA BUIIB JKOPCTKOCTI BOIH

OsHaka gasa TumuyacoBa JKOPCTKiCTh

ITocriiiHa KOPCTKiCTH

JKOPCTKOI BOIU
rasoBaHi MiHepaJIbHI BOgU

IOIIPOBiHA BOJA, IPUPOIHI

MOPiBHAHHS (kapOoHaTHA) (HexapOoHaTHA)
ITpruuran; HasaBuicTh posdumHeHUX Hassuicts cynndaris, xmopu-
JKOPCTKOCTI rizporeaxapobonariB Mar- niB a00 JeAKUX iHIINX coJieit

mito i Kampmiro: Mg(HCO,), | KRanbrmito i Marwito, Hampukian
i Ca(HCO,), CaCl,, MgSO, romro
Hxepesa Piukosa i1 o3epua Boga, Bo- | MopchKa Boza, Boa COJIOHUX

03ep, IPUPOIHI Hera3zoBaHi
MiHepaJibHI BOogU

Crocobu
YCYHEHHA AJOooaBaHHAM KHCJIOT

a6o conu Na,CO,

YcyBaeTbesa KU’ ATIHHAM,

He ycyBaeTbcsa Kumr’ ATiHHAM,
ajie BUMAIAETHCA JOJaBAHHIAM
coxu Na,CO, a0 mpomyCcKaHHAM
Kpisb HOHOOOMiHHI cMOIT

Bonma crae KopcTKOIO IIify yac IPOXOM:KEeHHA KpPis3h ILIACTHA BANHAKY.
PosumHenuil y BoAi BYTIJIEKUCJINI Ta3 B3aEMOi€ 3 BAITHAKOM, YTBOPIOIOUN

PO3UMHHI TrigporeHKapOOHATH:

CaCO,l + CO, + H,0 = Ca(HCO

3)2

Ilix wac Kum’ATiHHS THMUYacoBa JKOPCTKiCTh 3HUKAE, OCKIIbKH HOHU
Kanpiito i Maruito BUAaaATbECA y BUTJISAAL HepP O3YMHHOTO HAKUIY:

Ca(HCO,), £ CaCO4l + CO,T + H,0
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Man. 34.6. Hakun, W0 YTBOPIOETbCA Ha AHI YaHMKa Ta HarpiBHOMY
efIeMeHTI NpanbHOI MaLNHN

Came 1e¥i mpoIlec CIPUYNHAE YTBOPEHHS BATHAHOTO HAJIBOTY B TPyOax
i3 rapssuoio Bogoio, y Kortaax TEIL Ta moOyToBMX BOJOHATPiBHUX IpUJIakax
(man. 34.6). Homimku cuoayk Pepymy(Ill), AKi Takok yacTo MicTATHCA
Y BOIONPOBiAHIN BOAl, HALAIOTh HAKUIY KOBTOTO KoJbopy. lleit HamiT me-
PEIIIKO/[’KAae HOPMAJIbHOMY TEIJIOOOMiHY, IO CIIPUYNHSAE HAAMIPHY BUTPATY
majauBa, MOIIKOAMKEHHA TPyO, IJIaBjIeHHA YaWHUKIB ToIo. [ia ycyHeHHSA
BaMHSAHOTO HAJBHOTY B YaWHUKY HEOOXiTHO 3aJIUTM HOTO Ha HiU pol3baBJiie-
HUM PO3UYMHOM OIITY a00 JUMOHHOI KHCJIOTH.

Yepes KOPCTKiCTh MOPCHKY BOAY HE MA€ CEHCY BUKOPUCTOBYBATH [JIA
MUTTA PYK — VY KOPCTKilf BOAI MMJIO HE MUJINTHCA BHACIILOK YTBODEHHS
HEePO3UYMHHUX cTeapariB. TaKoK HEMOKJIMBO IPaTU B JKOPCTKiM Bomi, TOMY
III0 OCHOBHUY KOMIIOHEHT HPAJHHOTO IIOPOIIKY yTBOPIOE 3 foHamu Maruiro
i KanbIiito HepO3UMHHY Y BOJi CHOJIYKY.

IIpuposHa momipHa KOPCTKicTh Boxu 3a0e3rneuye OPraHisaM JIIOLUHU
Kanbiiem n1d IMOBHOI[IHHOTO PO3BUTKY KicTok. HamnminmkoBa »KOpPCTKiCTh
BOAM PA30M i3 HAAJMIIIKOM II[aBJIE€BOI KVCJOTU B PAI[iOHI MOXKe CTATU IIPU-
YMHOIO YTBOPEHHA KaMeHiB y HUPKaX, AKi € comamu Kazbiito 1 Maruiro 3i
I1aBJIeBOI0 KuUCI0TOM (MarHii okcanatr MgC,0, i kambuiit okcanar CaC,0,).

Ps
o

KniouoBa igesa
o-?

Kanbuii — akTVBHWIA MOWMPEHWIA MeTaniyHUn enemeHT, y crnonykax nepebysae
Y CTYMeHi OKNCHEHHA +2, € BaXXNBUM BiOreHHM efleMeHTOM.

g KoHTponbHi 3annuTaHHA

476. CxapakTepu3yinTe eneKTpoHHy 6ynoBy aTomis Kanbuito.

477. CxapakTepu3ynTte nowwrpeHictb MarHito i Kanbuito B mpupogi Ta ix 6ionoriuHe
3HaYeHHA.

478. CxapakTepu3ynTte ¢i3nyHi Ta XimMiuHi BNaCcTUBOCTI KanbLii rigpokcuay.

479. LLlo Ha3uBaloTb »OPCTKiCTIO Boaun? AKi iCHYOTb BUAMW XXOPCTKOCTi BOAW Ta Cro-

cobu ii ycyHeHHA?
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480. CxapaKkTepu3ynTe HeraTMBHI HaCNigKM BUKOPUCTaHHSA XKOPCTKOI BOAM B NMOOYTi
Ta NPOMUCIOBOCTI.
481. MopisHAMTe $i3NYHI BNACTUBOCTI HaTPIM rigpoKcMay Ta Kanbuii rigpokcmay.

3aBAaHHA ANA 3aCBOEHHA MaTepiany

482.CKknagiTb PIiBHAHHA YOTMPbOX MPUHLMMOBO PIi3HUX PeakLin, y AKUX aToMu
KanbLilo nepeTsoploloTbca Ha noHn Ca?t.

483. HaBefiTb piBHAHHA peakuiil, y AKkux: a) Kanbuin okncHioeTbes; 6) Kanbuin Big-
HOBJIIOETHLCSA; B) CTYMiHb OKMCHEHHA Kanbuito He 3MiHIETbCA.

484.[10NOBHITb MOHHO-MONEKYNAPHi PiBHAHHA. CKnafitb ANA HUX MONEKynApHi
PIBHAHHA peakuin.
a) Ca** + CO3™ — CaCOy;
6) MgCO, + ... —» Mg?* + ...

485. K B/ BBaKa€Te, YOMY KasbLii MPAaKTUYHO He B3aEMOAIE 3 PO3YMHOM CyJlb-
dbaTHOI KMCNoTKU, NpoTe JOCUTb aKTUBHO pearye 3 BOAoI0?

KomnnekcHi 3aBgaHHA

486.Y neBHOro 3pas3ka BOAM XOPCTKICTb 3yMOBJIEHa HaABHICTIO KanbLi xnopugy
B KinbkocTi 0,05 mmonb B 1 n Bogn. O6uncnite macy HaTpiln KapboHaTy, Heob-
XigHY ONnA BUAaneHHA BCbOro Kasnbuin xnopuay B Takin BOAi macoto 10 TOHH.

487. MeBHW 3pa3oK Boau MicTuUTb 0,4 MMOJIb MarHii rigporeHkap6oHaty B 1 1 Boau.
O6unCNiTL Macy ocaay, Lo YTBOPUTLCA Mif Yac KUM'ATIHHA Takol BOAMU MAcoio 2 K.

3aBp,aHHﬂ 3 PO3BUTKY KPpUTUNYHOIro MMC/I€HHA

488.4Y1 MOXHa NpUroTyBaTV PO3UYMH Y BOfi: a) KanbLii okcuay; 6) Kanbuin rig-
pokcmay; B) Kanbuiil Kapbigy; r) kanbuin kapboHaTy; A) Kanbuin xnopugy;
€) KanbLil rigporeHkapboHaty? Bigrnosigi o6rpyHTynTe.

489. AKi peyoBMHN 3 HaBeAEHOro Mepeniky MOXKHa 3acToCyBaTu [NA YCYHEHHA
TYIMYaCOBOI XOPCTKOCTI BOAMW?

Hatpili xnopwua, HaTpil rigpokcng, HaTpii KapboHart, XJopuaHa Kucnorta.
[aiiTe obrpyHTOBaHY BiAMNOBifAb, HABEAITH PIBHAHHA BiAMOBIAHVX peaKLii.

490. YoMy He MOXHa racuMTV BOAOI Manawymnin Kanbuin abo marHin?

491.Y marHito i Kanbuito pi3Ha XiMiYHa aKTMBHICTb. Y MOXMBO CKOHCTPYtOBaTu
ranbBaHiYHUIN eNemMeHT 3a 3pa3koM efiemeHTa Akobi-HaHiena (§ 14), a 3amicTb
LUMHKY 1 MiAi BUKOPUCTATU MarHin i Kanbuin Ta, BiANOBIAHO, PO3UNHHI coni
MarHito i Kanbuito?

492, Ak 6e3 BUKOPWCTaHHS XiMiUHMX PeaKTWBIB AOBECTU, WO A8 NEBHOro 3paska
BOAM XapaKTepHa TMMYacoBa XOPCTKICTb?

493, [lieToloramu BCTAaHOB/IEHO, WO AeAKi TBAPUHHI (BEpLUKOBE MAc/io Ta ANOBU-
YN XKNP) Ta POCIMHHI (NanbmoBa OJ1if) XUPWU MEPELLKOAMKAOTb 3aCBOEHHIO
Kanbuito opraHiamom. CBMHAYOro cana i COHALHUKOBOI ONil Lie He CTOCYETbCA.
BusBunocs, wo B pasi 0f4HOYACHOrO BXKMBAHHA i XXMpWU, i KanbLi€BMICHI cro-
NYKW He 3aCBOKITHCA, @ BUBOAATLCA 3 OpraHiamy. 3anponoHyinTe NoACHEHHA
Lboro GpakTy 3 XiMiYHOI TOUKM 30pyY.
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3aranbHa XapaKTepucTmka XiMiyHOro
eflemMeHTa

Aumromini#t posramoBanuit 'y IIIA rpy-
ni. Ha 3oBHiNMIHbOMY eHepreTHYHOMY pPiBHI
aToM AJIOMiHiI0O MiCTUTBH TPU e€JEKTPOHWU,
BiH MO:Ke JINIIe BiggaBaTu eJIeKTPOHU, TOMY
cTabiIbHUI CTYIIIHD OKMCHEHHSA AJIOMiHiIO
y cmoaykax — +3.

Amnanisyrooun inmri ememenTtn IITA rpymnu, MoxXHa BU3HAUNWTH HaIliBMe-
rajdiu"icTs Bopy, merasiuni BiactuBocTi ['asito, 1m0 K03BOJIAE TPUIYCTU-
TH TPOMiKHI (Bif MeTamiuHMX MO HEeMETAJTIYHWX) BJIACTUBOCTI AJIOMiHifO
Ta aM(OTEepPHICTh MOr0 CIIOJYK.

Man. 35.1. AntomiHieBa pygna 6okcut

MowwnpeHicTb y npupogi

AsfoMiHifl € HamomuUpeHIMUM MeTaTiYHIM eleMeHTOM Ha Semii. Moro
BMicT y 3eMHi# Kopi craHoBuTh 8 % (3a Macoio) — IIe mepille Miciie ce-
pen MeTaJiuHMX €JeMeHTIiB i TpeTe cepep ycix eneMeHTiB. Uepe3 BUCOKY
XiMiUHY aKTHUBHICTh y BUIJIALI HPOCTOI peuoBHMHU AJOMiHiIT y mpupoai
He TpaILIAeThbCcsA. BiH MicTUTBCS y cKJIai 6araThboX CIOJYK, AKi YTBOPIOIOTH
r'pyHTH, — TauHOo3eMiB (Al,O,) i 6okcutis (Al,0,xH,0) (man. 35.1). Takox
AuromiHilt € y cKiami 6araThox MiHepasiB, 30KpeMa KOIITOBHOI'O KaMiHHS
(man. 35.2). PisHe 3abapBieHHA WX MiHepaJiB 3yMOBJIeHEe HEBEJIUKUMU
JOMIIIIKaMU OKCHU/iB IIEBHUX MeTaJTiuHuX ejeMeHTiB (y pyb6iuiB — Cr, y cam-
¢ipie — Ti ra Fe Tomro).

Man. 35.2. AntomiHieBMicHI MiHepanu: a — 6epun; 6 — akBamapuH; 8 — pybiH; ¢ — canodip;
0 — cMmaparp; e — KopyH[; € — Tonas
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HesBaskaouu Ha mommupeHicTsr y npupoai, Anomidiii He MicTuTbhbes
B JKMBUX OpraHiamax i He Oepe ydacTti B MeTaboJrizmi.

B Vkpaini € Bequki moksganu anioMiHieBoi pyaum y BuUraAgl GOKCHUTIB
i rauuosemy B IIpmasos’i, ma 3axapmarTi Ta B Mexkax YKpPaiHCBKOIO
KPHUCTAJNIUHOTO IMUTA — TEeKTOHIYHOI CMyTH, KA MNPOCTATAETHCA B3TOBIK
cepenuboi Teuii [{ninpa ma Bigcrans moHan 1000 kM i 3aBmupinku 250 KM.

®Di3nyHi BNacTUBOCTI altOMiHil0

« AmioMiHi#T — mapaMartiTHU cpibiacTo-0imumit
MeTaJ;

* KOBKUH, JIETKO BUTATYETHCA B IPiT, H0Ope Tis-
IaeThbCsa (POPMOBIIL ¥ YTBOPIOE (POJIBTY;

<t =660°C, ¢t = 2520°C; .

« HAJI€KUTh N0 TPYIU JEeTKUX MeTaJiB, Tyc-
tuna 2,7 r/cm3;

« BUSIBJISIE BUCOKY TEIJO- I €JeKTPOIPOBim-
HicTh (65 % Bim enexTpompoBigHOCTI Mifi),
a TaKOK BIICOKY CBiTJIOBiIOMBHY 3JaTHICTh.

XiMiuHi BnacTMBOCTI antoMiHito

AmomiHill — gysKe akTUBHUH MeTas, y PAAY aKTUBHOCTI BiH posmite-
HUU 3HAYHO JIiBillle BiJ BOAHIO. AJle ITOBepPXHA aJIOMiHiII0 BKPUTA aJIOMiHili
OKCHJIOM — MIIIHOIO ¥ TYroIIaBKo pedosuHomw (¢ = 2044 °C), yHacaigok
Yoro aJIIOMiHIA 3a 3BHUYAWHUX YMOB HE B3a€EMOi€ 3 KNCHEM MOBITpPS Ta
BOJOO.

1. Bzaemogia 3 kucHeM. AJOMiHIA aXKTHBHO B3aeMOJie 3 KIUCHEM
HOBiTps, ajie peakilia BimOyBaeThcs JUIe Ha 3pisi 3paska. AkIimo 3pyii-
HYBaTU MJIiBKY aJOMiHi# oKCHIYy Ha MOBepxXHI MeTany abo momepeauTu ii
YTBOPEHHSA HAHECEHHIM Ha IMOBEPXHIO ajJlOMiHieBOro BMpPOOy Iapy PTYTi
(amajgbraMm aJIlOMiHiIO), TO aJIOMiHili ZOCUTH INIBUIKO IIEPETBOPIOETHCA
Ha OKCHUI:

4A1 + 30, = 2AL,0,

2. Bzaemopgida 3 inmmmn Hemeraaamu. IIopoinKonogiOHmii aToMiHil aK-
TUBHO B3a€MOJi€ 3 rajiloreHaMH’ 3a 3BUUAWHUX yMOB, a i3 cipkoio, ¢ochopom
Ta iHMUMU HeMeTaJaMu — 3a HarpiBamud. Hampukian, i3 #ogom peakIilisa
BimOyBaeThcsA 3a KiMHATHOI TeMIlepaTypu, aJjie 3a HAasgBHOCTI KaTaJiTHUYHOIL
KimbkocTi Bogu (mana. 35.3, c. 180):

2A1 + 31, —2— 2AII,
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Man. 35.3. lig yac B3aemogii anomiHito
3 N0OOM BUAINAETbCA BENMKA KiNbKiCTb
TEennoTy, Nig Ai€lo AKOI oA YacTKOBO
cybnimye, yTBOpIOIOUM XMapy BuMNapis
nogy ¢ionetoBoro Konbopy

3. Bsaemopia 3 kucaoramu. SIK i Bci akTuBHI Meranu, anroMiHil Bu-
TiCHsS€ BOJEHb i3 po30aBeHUX PO3UMHIB KMCJIOT:

2Al + 6HCIl = 2AICl, + 3H,T
2Al1 + 3H,S0,(pos6.) = Al,(SO,), + 3H,T

3a HarpiBaHHS aJIIOMiHiI B3aeMofi€e 3 KOHIIEHTPOBAHUMM KHCJIOTAMU-
OKVCHUKAaMU (XOJIOLHA HiTpaTHA KUCJIOTA IIACUBYE AJIOMiHiit):
2Al + 6H,S0,(komm.) £ Al,(SO,), + 350,T + 6H,0

Al + 6HNO,(xonm.) = Al(NO,), + 3NO,T + 3H,0
4. Bsaemopia 3 ayramu. ATOMiHi#l BUTiCHAE BOJEeHb i3 PO3UMHIB JIyTiB:
2Al + 2NaOH + 6H,0 = 2Na[Al(OH),] + 3H2T

5. BigHoBienHa wmeTaJdiB (axoMoTep-
mis). AJjoMiHiT — aKTMBHUU MeTaj, TOMY
BUTICHsAE iHII MeTaJau 3 iIXHiX CIOJYK, 30Kpe-
ma 3 okcupiB. Ili peakIii BHKOPHCTOBYIOTH
I OEp'KaHHA NeAKHX MeTasiB aJioMOTep-
MiUHUM CIIOCOOOM:

3MnO, + 4Al = 3Mn + 2AL,0,

3aCTOCyBaHHA asnoMiHito

+ Y BeIUKHX KiJIbKOCTAX aJIOMiHi# Bu-
KOPHUCTOBYIOTh V MeTANYPTii AJaA omep:KaHHSA Bonogumup OnekcaHapoBuy

iHIIMX MEHII aKTUBHHUX METAJNiB MEeTOLOM Mnothukos (1873-1947)
asroMoTepMii. YKpaiHCbKUA yyeHun. Yneplue

y CBITi ofilep>aB antoMiHil
€/1eKTPOoNi30M 3a KiMHATHOT
Temneparypu

« AToMiHIT € IIHHUM KOHCTPYKIIMHUM
marepiasom. Bin BimHOCHO Jerkuii (rycrtmHa
aJoOMiHiI0 HabaraTo MeHIIa 3a TYCTUHY CTaJIi),



§ 35. AniomiHin
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Man. 35.4. 3acTocyBaHHA antoMmiHito: a — y 6yaiBHMUTBI; 6 — B aBialiliHiii NPoMUCNIOBOCTI;
8 — [AN1A BUTOTOBJIEHHA XapPUYOBUX EMHOCTEN

ayse mocuTh MinmHuMA. ToMy 3 alOMiHiI0O BUTOTOBJSAIOTH JETKi i MOBrosiuHi
OymiBesbHi KOHCTpPyKIii (Mman. 35.4, a).

- BaraTo anmtomiHito moTpebye aBiaiiiina mpoMucaoBicTs. [iopamoMiHiemMm
00IIIMBaIOTh KOPIIycHu JiTakis (man. 35.4, 06).

« I[ImnononibHMT afOMiHIN Ta gesgKi I0T0 CIIONIYKN BUKOPUCTOBYIOTH SIK
TBepIe paKeTHe IajbHe.

- AnromiHill JlerKo mmifggaeThCcs IITAMIIOBIN, BiH cTifikuii 40 KOpoaii,
a HOoro CIOJYKM HETOKCHUYHi. 3aBAAKU I[LOMY 3 AJIOMiHiI0 BUTOTOBJISAIOTH
CTOJIOBi mTpmbopH, TMOCy[d, ONAIIAHKY, KYXOHHI ramxkeru (man. 35.4, 8).

« Uepes cBOIO BUCOKY Bi[OMBHY 3MaTHICTH Ta JIETKICTh HANWJIEHHS aJIO-
MiHI#A € imeaJbHMM MaTepiajyioM OJisi BUTOTOBJIEHHSA I3€pKal.

« Cymim amrominiro 3 pepym(IIl) okcugom — TepMiT — BUKOPUCTOBYIOTH
I 3BaplOBaHHSA 3aJiBHUYHUX PEUoK Ta TPyO.

TZ, KniouoBa iges
" ANIOMIHI — HaVNOWNPEHIWNA MeTaNiYHUN eNneMeHT, By>e aKTUBHWIN, OAMH i3 ro-
NOBHUX IPYHTOYTBOPIOKOUMX €/IEMEHTIB, afie NP LibOMY «MEPTBUIA»,

0 KOHTpONbHI 3anuTaHHA

494, CxapakTepu3ynte enekTpoHHy OynoBy aToMiB AMNIOMiHilO Ta MOLWMPEHICTb
oro B Npupogi.

495. CxapakTepu3ynte XiMiuHi 1 Gi3MYHI BNAaCTMBOCTI Ta 3aCTOCYBaHHA anioMiHito.
Ha AKnx BNnacTMBOCTAX aflOMIHIl0 FPYHTYETHCA NOro 3aCTOCYBaHHA?

496. Yy TpannAaeTbCA B NPUPOLi CaMOPOAHNIA antoMiHin?

s

3aBgaHHA AnA 3aCBOEHHA MaTepiany

497. ToACHITb, YOMY XiMIYHO aKTUBHUI anioMiHil CTIK1IA [0 KOpO3ii.

498.1lig yac B3aeMogii antomiHin HiTpuay (cnonyku AniomiHito i HitporeHy) i3 Bo-
[I010 YTBOPIOIOTLCA aMOHiaK Ta antoMiHin rigpokcng. Cknagitb PiBHAHHA L€l
peakuii.



TEMA 4. HEOPTAHIYHI PEYOBWHMW | TXHI BNACTMBOCTI

499.3a Ttemnepatypu 1200 °C Kanbuin OKCMA pearye 3 anloMiHiEM, yTBOpIOOYM
KanbLin i Kanbuin metaantomiHaT. CKnagiTb piBHAHHA Ui€l peakuii.

500.Mig vac B3aemogii nntombym(ll) cynbdigy 3 antomiHiem yTBOPIOOTLCA CBUHELb
i anomiHin cynbdin. Cknagitb piBHAHHA L€l peakuii, YKaXiTb OKUCHUK i Bif-
HOBHUIK.

501. AniomiHin iHOAI 3aCTOCOBYIOTb ANA BUTOTOBMEHHA XiMIYHUX peakTopiB. YKa-
XiTb, Y AKMX i3 HaBeAeHUX BUMAAKIB MOXXHa BUKOPMCTOBYBATW asllOMIHiN,
a B AKUX — Hi: a) Y npoueci 6epe yyacTb nyr; 6) y npoueci 3aCTOCOBYIOTb
po3unHK coneil MepKypito; B) y npoueci 6epe yyacTb KOHLEHTPOBaHa HiTpaT-
Ha KucnoTa 3a Temnepatypu 20 °C; ) y npoueci 6epe ydyacTb pPO3UMH COni
Kynpymy(ll); n) peareHTom € xnopmuaHa KucnoTa. Bignosiab nigTBepapte pis-
HAHHAMUN peakuil.

KomnnekcHi 3aBgaHHA

502.Cknap GokcnTy MoxHa onucatn dopmynoto ALO,-3H,0, a cknag ravHn —
Al,0,25i0,2H,0. Y akiit peuyoBUHi MacoBa YacTka AftomiHito GinbLua?

503. Cymilw nopoLuKiB antoMiHilo  Migi macoto 20 r 06pobunm po3baBneHUM pos-
uvHoM cynbdaTtHoi Kucnotwu. Tig vac peakuii BUAINUBCS BoAeHb OGEMOM
6,72 n (H. y.). O6UMCniTb MacoBi YaCTKM MeTaniB y CyMiLui.

504. 06umncnitb macy 6okenty Al,0,-3H,0, wo mictutb 20 % AoMILIOK, AKa Heobxia-
Ha ANA OfjepaHHA antomiHito macoro 10,8 Kr.

505.06uncniTb Macy anoMiHilo, AKY MOXHa A0OYTU 3 anloMiHili oKCUZy Macoto
51 kr. Buxig npopyKTy peakuii Bii TEOPETUYHO MOXKINBOrO CTaHOBUTbL 95 %.

3aBp,aHHﬂ 3 PO3BUTKY KPpUTUYHOIroO MUC/NI€HHA

506.3a AKMMI O3HaKaMM MOXKHa Bifpi3HUTN BUPOOY 3 afitoMiHito Bif BUPOOIB 3 iH-
WX metanis?

507.flk BM BBaXa€Te, UMM MOXHa MOACHUTHY, WO ANIOMIHIN — HamnowunpeHi-
WA MeTaniyHUn enemMeHT Yy 3eMHill Kopi, MpOTe MalXe He BUKOPUCTOBY-
€TbCA XNBUMW OpraHismamm?

508. AntoMiHI€EBY NOXKY MiCNA peTefIbHOro 3HEXUPEHHA 3aHYPUIN B PO3UNH Mep-
Kypin(ll) HiTpaTy. 3a 30 XBUAWH T BUTAFAN, NPOCYLWNAN N 3aNWLUWAX Ha NOBI-
Tpi. Yepes feakunin yac noxkKa 3HUKMA, 1 3aMiCTb Hel yTBOPUBCA Ginuii NyxKui
nopowwok. MosAcHITb 3MmiHKW, AKi Bigdynucs. CKnagiTe PiBHAHHA BiANoOBIAHMX
peakuin.

MiHi-npoekTn

509.Y cBoemy ueTBepTOMy cHi Bipa [MaBniBHa no6aumna BuAiHHA ManbyTHbOrO
(M. T. YepHuweBcbkuin «lLlo pobutn?»). 3HaNgiTb y pomaHi YeTBepTUii COH
3 ONMCOM MalbyTHboro. Yu 3giicHmMBcA coH Bipwu MaBniBHW? AK B BBaXaeTe,
yomy YepHULLEBCHKIMI YABNAB MalibyTHE Came TaK?



§ 36. ®epym. 3aniso

MpurapanTte:
+ 30y[KEeHMI cTaH aToma (3a § 3);
+ B3AEMOJII0 KOHLIEHTPOBAHUX CyNbdaTHOI Ta HITPaTHOI KMCNOT i3 MeTanamu (3a § 23, 26).

3arasibHa XapaKTepucTrmka XiMiYHOro efnemeHTa

Pepym — wmMeTanmivHuil eqeMeHT. BiH mMae BiTHOCHO HEBEJNIHNKY eJeK-
TpoHeratuBHicTh 1,83 (3a Ilosinrom), 1o xapakTepHO A OiJbIIOCTI
MeTaJiyYHUX eJeMeHTiB. 3a OyJZOoBOIO eJeKTPOHHOI OGOJIOHKW aTomMa BiH
€ d-eJleMeHTOM, OCKiJIbKM B MOro aTOMiB eJeKTPOHAMM 3aIllOBHIOETHCSH
d-nigpiBeusn:

s6Fe’ 4||||||||||||||f||||

S p d
s[M] [MUNY [T T]
s p d ™2 B S By 8 kg™

VY 6inbimocTi cnonyk @epyM BUABJSAE OBa CTYIIEeHI OKMCHeHHs. Brpaua-
I0YM JBa €JeKTPOHUW 30BHIINTHHOTO €HEPTETUYHOTO PiBHA, HOTO aToMu HaOy-
BAIOTH 3apanm +2:

Feo 3[N] NN [T T[T]T]
s p d 1522522p%3523p%3d°6

V rakomy crami B fomax Fe?" ma 3d-mizpiBHi MicTuTbCa mIicThL esex-
TPOHIB, ajie 6iJbIT cTabiIBHUM € CTaH, KOJIU 3d-IiApiBeHb Oy/ae 3allOBHEHUN
HanosoBuHy. [us nmboro iomy Fe?' meoOxigHo BigmaTyu oaMH eJIeKTPOH.
V Takuit cmoci6 yrBopioiorhea itonnm Fe®', axi maroTs cTabiabpHIiNIy eex-
TPOHHY KoH(pirypario:

Feo 3[N] [NNTY [T[T]T[T[T]
s p d 15226° 2638236345

YHacIioK IbOT0 CTYIIiHb OKMCHEHHS +3 maa Pepymy crabiibHimmi
3a +2.

Ax BuHATOK, PepyM MOKe BiggaBaTH IIiCTh €JEKTPOHIB i BUABIATH
CTYIiHb OKHCHeHHA +6. OfHAK CIONYKH, ¥ AKuX Mictarsca Fe'S, tpamma-
IOThCA HOCUTH PigKo. CHONYK, ¥ AKUX CTYHiHb OKUCHeHHS Pepymy +8, 1ie
He BUABJEHO.
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Man. 36.1. 3ani3o MeTeopUTHOrO MOXOAXKEHHA.
Y nepeknagi 3 WyMepCbKOI «3ani3o» O3Hayvae
«Te, WO KanHyno 3 Heba». MoxnnBo, Ha3Ba
LibOro MeTany MOACHIOETbCA TUM, WO nepLue
BiOMe NIIOACTBY 3ani30 6YN0 METEOPUTHOrO
NOXOAKEHHS i JiiCHO najano 3 Heba.

Depym(Il) oxcug i dpepym(Il) rizpokcun — ocuéBHI peuoBmHHU, a (de-
pyMm(III) okcum i epym(IIl) rizpoxcum — amdorepHi. Coonyku Pepymy
B CTYIIEHI OKMCHEHHS +3 BUABJSAIOTL OKIMCHI BJIACTHBOCTI.

MowwnpeHictb Depymy B NpuUpoai

®depym € OLHUM i3 HAUOOIMIUPEHININX METAJiYHNX eJeMeHTiB Ha 3eMJIi.
YV semuiit kopi Ha aromu Pepymy mpunazae 5% (3a mMacow) — Ie Apyre
MicIle cepel MeTaiuHUX ejieMeHTiB (micasa AuoMiHio) Ta deTBepTe cepen
ycix eyleMeHTiB.

VY camopozHOoMy cTaHi @PepyM He TPAIISIETHCA, ajie ¥ BUTJISAL IIPOCTOI
PEUYOBMHU 3aJ1i30 MICTHUThCA y CKJIAaAi OJeAKUX METEOPUTiB, AKi iHOmI 3HaXO-
IATH Ha moBepxHi 3emui (maj. 36.1). YBa)kaoTh, III0 caMe 3aJ1i30 CTAHOBUTH
OinbIly yacTUHY sSApa 3eMJIi Ta IIaHeT 3eMHOI IpyIIu.

Y mpuponi ®PepyMm TpamiIgeThCA BUKJIOUHO Y CIOJYKaxX, HAWUIOIINPE-
mHimumu cepen axux € oxcuam: Qepym(II) oxcum FeO, dpepym(IIl) oxcuzg
Fe,0;, a rakox smimanwmii oxcuj Fe O, (FeO-Fe,O,), axuii HazuBaoTh
3aJisHOI0 oKaMuHOoI0. CIoyKku TpuBajgeHTHOr0 PepymMy MaioTh 3a0apBIeHHS
Big xoBTOrO mO0 Oyporo. Came BOHUM HAAAIOTH KOBTYBATOTO KOJLOPY IiCKY
Ta Oyporo 3abapBieHHSA OaraTboM I'PYHTAM.

Man. 36.2. MowwupeHi 3ani3Hi pyan: a — 6ypui 3anisHak (numoHit) Fe,0,-xH,0;
6 — MarHiTHU 3anisHaK (MarHeTuT) Fe304; 8 — YEepPBOHUN 3ani3HAK (remaTuT) Fe203
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Man. 36.3. Minepanu Qepymy: a — cupeput FeCO;;
6 — nipuT FeS,; 8 — xanbkoniput CuFeS,

Taxox PepyM MicTHUTBCA ¥ CKJIAAl 6araTboxX pPisHUX MiHepasiB y BUTIIAILL
OKCHUAiIB, cyab(dimiB Ta iHMMUX cmoaykK. 3asBuuail BOHU PO3CisHI B 3eMHil
KOpi, ajle TpamagioThCa i cKymueHHs MiHepasaiB. Taki mimepanu, Ak Oypuii,
MarHiTHU# 1 4YepBOHUN 3aJIiBHAKU, € MKepejioM 3aJlidHOl pyau, 3 AKOi J0-
OyBaroTh 3ajizo (maj. 36.2).

Hesaki minepanu @epymMy MarOTh KPACUBUU BUTJIAMN, TOMY 1X BUKOPUCTO-
BYIOTH SIK BUPOOHE KaMiHHA — IIe CUAEePUT, HipUT i XaabKomipuT (Maa. 36.3).

B Vkpaini € Beauki mokaagm sanisHoi pysu — Kpusopissruii, Kpe-
MeHUyIbKUH, [IpuaHinpoBchKUi 3asizopyani Oaceiinu Ttoimo. Ii 3amacu
OI[iHIOIOTh y Maiiyxke 30 MJapA TOHH, uyoro mae BuctauuTu Ha 180 pOKiB
IIPOMMCJIOBOI PO3POOKU. 3a ob0cAraMu BUPOOHUIITBA 3aJi3HOI pyAu YKpaiHa
mociae chboMe Miclie cepen KpaiH CBiTy.

Croonryku @epymy poO3UMHEHi Yy BOAL JeAKUX yKepes MiHepaJbHUX BOJI.
HasaBuicTs y Boxi cmoayk aBoBajeHTHOTO PepyMy Hamae iii Tak 3BaHOTO
«MeTaJIiYHOTO» IpUCMaKy. [HOAI y BOHOMPOBiAHIN BOMi, IO Teue CTapUMU
3aJIisBHUMU TPyOaMu, PO3UMHEHI CIOJYKH TPUBaJeHTHOTO PepyMmy, AKi Ha-
IaloTh BOJi «ip:KaBOrO» KOJIBODY.

Qdi3nyHi BNnacTMBOCTI 3ani3a

+ MeTan ciporo KoJbOpy 3 MeTaJiuHUM
OGJINCKOM;

- 1o0pe IIPOBOAUTHL EJIEKTPUUHUNA CTPYyM
i Terory;

* ILJIACTUYHUH, Ko0Ope ImiamaeThca KyBaHHIO,
HasIBHICTH JOMIIIIOK, 30KpeMa BYIJIEILIO,
OigBUINY€E TBEePIiCTh i KPUXKIiCTh 3ajiza;

<t . =1540°C, ¢ = 2860°C;

- ryctuHa 7,87 r/cm3;

« IPUTATYETHCA MarHITOM (IapaMarHeTuk).
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Hns samisa TakoyK XapaxkTepHe ABUIIE (epomazHemu3my — BOHO 30e-
pirae HaMar"HiuyeHiCcTh IicJId YyCYHEeHHA Ail 30BHIIIHBOT'O MAarHiTHOTO TIOJIA.
3aBIAKY IBOMY i3 3aJIi3a MOYKHA BUTOTOBJIATH MArHITH, a TAKOXK MaTepiaiu
oA 3amnucy ingopmarii.

XimiuHi BnacTMBOCTI 3ani3a

3aJizo MOCUTh aKTHUBHO BCTYIIae B XiMiuHi B3aemoxii, fioro MosxHa Bif-
HEeCTH N0 MeTaJiB cepeqHbOl aKTUBHOCTI.

1. Peakmii 3 mHemeramamu. 3aji30 aKTHUBHO pearye 3 HeMeTaJaMH.
Iz KucHeM peakIlid HOBiJIBHO BimOyBaeThCcA HaBiTh 3a 3BUUAHUX YMOB.
3a HarpiBaHHA 3aJida Ha IOBITPi MOro MOBEPXHSA BKPUBAETHCA 3aJIi3HOIO
OKaJINHOIO:

3Fe + 20, £ Fe,0,

Posneuenuii 3amisHUEA APIT ¥ YUCTOMY KUCHI 3aiMa€ThCs, PO3KHUIAIOUN
sCKpaBi ickpw.

3aJ1izo MOKe aKTHUBHO 3rOPATH HABITHL HA MOBiTPi, SKIO fioro moapioHu-
TH B TOHKHH MOPOIIOK (IipodopHe 3a7i30). SIKIO TaKKUii ITOPOIIOK ITOTPAI-
JIsIE B IOBiTPsA, TO BiH ACKPaBO CIIajlaXye HABiTHh 3a KiMHATHOI TeMIlepaTypHu.

3aisHuil ApiT aKTUBHO 3ropsie y xJyopi (man. 36.4) 3 yrBopeHHAM (e-
pym(III) xmopuny:

2Fe + 3Cl, = 2FeCl,

ITix vac marpiBanusa 3aJriza i3 cipkoio yrBoproerbea pepym(Il) cyabdin:
Fe + S = FeS

Man. 36.4. B3aemopia posne- Man. 36.5. lNicna 3aHypeHHA 3ani3a B pPo3ynH
YeHMX 3ani3HMX OLIYpPOK kynpym(ll) cynbdaTy noBepxHa 3anisa BKPUBAETbCA
i3 xnopom YepPBOHMM HaNbOTOM Migi



§ 36. Qepym. 3anizo

2. Bsaemogia 3 Bomoro. 3ajizo pearye 3 BOJOIO: IIii yac IMPOMYCKAHHS
meperpiToi BOASHOI Imapu Kpish po3meueHi 3aji3Hi OIIypKM 3aJIido IepeTBo-
PIOETBCA Ha 3aJi3HY OKAJUHY, 1 BUIIIAETHCSI BOIEHD:

t
3Fe + 4H,0 2 Fe,0, + 4H,

3. Bzaemopia 3 KucaoramMu. 3a 3BUUAHNX YMOB 3aJ1i30 aKTHUBHO pearye

3 Kucjgoramu. IIpogykramu peakilii € cosi @epymy B CTyIleHi OKMCHEHHS +2:
Fe + H,S0, = FeSO, + H,T

I3 KucnoTaMu-OKNCHUKAMY (KOHIIEHTPOBAHUMMU CYIh(aTHOIO Ta HiTPATHOIO

KuciaoramMu) PepyM OKUCHIOETHCA IO CTYIEeHA OKMCHEeHHA +3. AJie XOJOmHL
KHUCJIOTU ITACUBYIOTH 3aJ1i30, peaKilis BiOyBaeThCsA JIHMIlle 3a HATPiBaHHSA:

2Fe + 6H,S0,(xoum.) = Fe,(SO,), + 350,T + 6H,0
Fe + 4HNO,(25%) £ Fe(NO,), + NOT + 2H,0

4. Bsaemomid i3 comamu. 3a1i30 BUTICHAE MEHIII aKTUBHI MeTaan 3 IXHIX
cosiei (mas. 36.5):

Fe + CuSO, = FeSO, + Cul

3acTtocyBaHHA 3ani3a, noro cnnasiB Ta cnonyk Oepymy

Ha cnmasm samiza mpumazmae 95% cBiToBOro Meranyprifimoro Bu-
pob6uuirrBa. HalimommupeHImuMu € CIJIaBM 3ajisa 3 ByrJjeneM — CTalb
(w(C) < 2,1%) i waByn (w(C) > 2,1%).

CroronHi cmanb € TOJOBHUM KOHCTPYKIIMHMM Marepiajsom. 3i crai
BUTOTOBJAIOTh KapKacu OYAWHKiIB, TpPyOu, KOPIyCH TPAHCIOPTHUX 3acobiB
rorro (Maja. 36.6). g KOHKPETHOTO 3aCTOCYBAHHSA BUKOPUCTOBYIOTH IIeBHI
MapK! CTaJli, CTBOPEHi 3 ypaxyBaHHAM OCOOJIMBOCTENl MaiOyTHiIX BUPOOiB.

Man. 36.6. Bupobu 3i cTtani: a — ko3aubKi Wwabni; 6 — cTanbHi OyaiBenbHi KOHCTPYKLi;
8 — obnagHaHHA 3 Hep»aBilouyoi cTani Ha MOOYHOMY KOMOiHaTI
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Man. 36.7. Bupobu 3 yaByHy: a — Ko3aubKa nywka (o. Xoptuus);
6 — naBa (m. JIbBiB); 8 — nocyn

Hanpurian, nogaBaHHAM A0 3aisa 01u3bK0 1 % BYTJIEII0 OePKYIOTh CTaJb,
IIT0 Ma€ BUCOKY TBEPMiCTh, Il BUKOPUCTOBYIOTH AJIA BUTOTOBJIECHHS Pi3aJIbHUX
iHcTpymeHTiB. J[ojaBaHHAM XPOMY W HiKeJI0 OeP:KYIOTh CTilKY 0 KOpos3ii
cTayib (Hep:kaBiioua crTajb). 3i cmjaBy 3aida 3 MaHTAHOM BUILJIABIAIOTH
pefikm aJida 3aJi3HUIL.

Yasyn 3HAYHO TBepAIIUN i KPUXKIMUI 3a cTajb, BiH He MiAJa€ThbCA
KYBaHHIO, OJJHAK BUPOOUW 3 HHOTO BUTPUMYIOTH BeJUWKi MexaHiuHI HaBaHTa-
sKeHHsa (MaJi. 36.7). Pamirie 3 uaByHy BUILIABJIANA IIYIIKK, SAPa TA IOCYI.
ChoroaHi BUTOTOBJISIOTH TAKOK CTAaHWHU [JIsI BepCTaTiB, KOBaHi I'paTKu,
BYJIMYHI JIaBU ¥ JixTapi Ta iHIII BUpoOU, IJid AKUX OiJIBIIT BasKJIMBa MilIl-
HiCTh, HiK IJTaCTHUUYHIiCThb. AJie Taki peui «0osaTbCSI» yHapiB: BiJ CUJILHOTO
yaapy 4aByH PO30MBa€ETHCA.

MaraeTuT 3aBIAKU 1OTO (hePOMATHITHUM BJIACTUBOCTAM BUKOPUCTOBY-
IOTh IJA CTBOPEHHA HOCiiB iH(opMmallii: MarHiTHUX IJIiBOK, *KOPCTKUX Mar-
HiTHUX OuckKiB Tomro. Yepes (hepoMarHiTHY BJIACTUBICTHL Ta YOPHUUM KOJIp
i3 MarHETUTY BUTOTOBJSIOTH TOHEDP AJA UOPHO-OLIMX Jas3epHUX MPUHTEPiB.

3anisauii kynopoc (FeSO,-7TH,0) pasom i3 MiHUM KyIIOPOCOM 3aCTOCOBY-
IOTh V CaOiBHUIITBI I OyAiBHUIITBI AJA O0OPOTHOU 31 IMKIAINBUMU I'PUOKAMI.

Xnopunu abo cyabdaru Pepymy(Il) i @epymy(IIl) BuKOPpUCTOBYIOTH IJ1A
OUYUIIeHHA NIPUPOAHUX BOJ Ha CTAHI[IAX BOJOIIITOTOBKU.

BionoriuHe 3HaueHHA Qepymy

@PepyM — BaKJIUBUI MiKpoenaeMeHT. B opraismi mopocioi JoguHMN
25 Y% depymy micTuThCsA y CKJIami medAKmx Oinkis, a 75 % — y ckia-
ni remoryio6iny. Hecraua ®epymy mpusBOAUTHL A0 aHeMii — HeZOKPiB’ .

Ho6oBa moTpeba Pepymy crTamoBuUTh: 4—18 mMr — y mireir, 10 mr —
y 4uoJioBikiB i 18 mMr — y xkinok. B opranism gmoguau ®PepyM HAAXOOUTH
3 i»Kero, HaMOiabII OaraTi Ha HLOrO IIeYiHKa, M’scCOo, AHIA, 6000Bi, xJi0,
O0ypAk Toiro (man. 36.8).



§ 36. Qepym. 3anizo

Man. 36.8. MNpoayktn — mxepena ®epymy Ana noavHU

KniouoBa iges

MPepym — nowvpeHnin MeTaniyHU eNieMeHT, BaXXIMBUIA ANA »KUBUX OpraHiamis
i noacbKol umBinisadii.

KOHTpOnbHi 3anuTaHHA

510. CxapakTepu3syiiTe efeKTPOHHY 6yfoBYy aToMa Ta nowwunpeHictb Gepymy B npu-
poai.

511. MopiBHANTe 6ynoBYy efeKTPOHHOI 060MoHKKU aTomis Qepymy, WoHiB Fe?t
Ta Fe3*,

512. CxapakTepusyite XiMiuHi 1 ¢i3MyHi BNacTMBOCTI Ta 3acTOCYBaHHA 3anisa.
Ha Aknx BnacTMBOCTAX 3asi3a FPYHTYETLCA OrO 3aCTOCYBaHHA?

513. Yn TpannaeTbca B Nprpoai camopopfHe 3anizo? MNoAcHiTb yomy.

514. CxapakTtepu3yiite 6ionoriuHe 3HaueHHA Qepymy. Lo 3arpoxye noguHi B pasi
HecTaui a6o Hagnuwky Oepymy B opraHismi?

3aBAaHHA ONnsA 3aCBOEHHA Ma'repiany

515. Akni 3i cTyneHiB okncHeHHsA Oepymy € HaicTabinbHiWMM? MoACHITL Yomy.

516. lNig yac B3aemogii 3ani3a 3 AKMMU peyoBMHaMU yTBOpPIOOTLCA cnonykn Qepy-
my(ll), a 3 akumn — Oepymy(lll)?

517. o6 BuABUTM AOMIWKK 3ani3a B MAaTMHOBOMY MOCYAi, HaNpWUKMag y Turni,
MNOro HarpiailoTb 4O YE€PBOHOro po3xapeHHA. [NoBepxHA meTany MoKpuBsa-
€TbCA YEPBOHUM HanNbOTOM. I3 UMM Le noB'A3aH0? AK BUAANUTA LN HaniT,
He nowkoauBWY BUpPi6?

518. Bununwitb i3 TeKcTy naparpada piBHAHHA peakLuiil, AKi XxapakTepusyTb OKNC-
HO-BiiHOBHI BNAaCTMBOCTI 3aNi3a, i CKNagiTb ANA HUX eNeKTPOHHUIN GanaHc.
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KomnnekcHi 3aBgaHHA

519. ®epymMOBMICHi MiHepany BUKOPUCTOBYIOTb AK CUPOBUHY ANA foOyBaHHA 3a-
niza. O6uncnitb MacoBy uyactky Mepymy y BifomMmx Bam GepyMOBMICHUX Mi-
Hepanax. AKWi i3 ux mMiHepanis BUrigHile BUKOPUCTOBYBATU AnA f00yBaHHA
3anisa?

520. O6uncnitb 06'em KapboH(ll) okenay (H. y.), HeobXigHWMIA ANA MOBHOMO BiAHOB-
nexHa depym(lll) okeuay macoro 320 .

521. O64MCNiTb Macy MarHeTuTy, Wo MicTuTb 10 % JOMILLOK, AKWNIA HeobXigHWIA AnA
[o6yBaHHA 3ani3a Macolo 3 TOHHMU.

522.06uncniTb Macy 3anisa, Aka HeobxigHa AnA ofepxaHHA HiTporeH(ll) okcmay
Macoto 224 MmN B3aEMOAI€I0 3ai3a 3 rapAYoto HITPATHOK KMUCIOTOL.

523. 3miwanu 3anisHy okanuHy Fe,O, macoto 34,8 r i3 NOPOWKOM asIlOMiHI0 Macoto
12,8 r. Cymiw Harpinu. O6uncnite Macy yTBOPEHOro 3ani3a.

MiHi-npoeKkTn

524. locnigite KOpo3ito 3ani3Horo BMpoOy Ta BMAMB Ha Lel Npouec pi3HUX UYMH-
HUKIiB. [InA MpoBeAeHHA AOCNigy Bam MOTPIGHO MPUrOTYBaTU PO3UMH Xe-
naTuHy: 3akun'atite 100-200 mn Boaw i B rapAvy Bogy BCunTe NpuOAU3HO
NOJIOBMHY YaHOT JIOXKKN »KenaTrHy. 3anuwTe po3yrH f0 NOBHOTO PO3YMHEH-
HA KeNaTUHY, Yac Bif Yacy nomiwyoum noro. Micna Toro, AK PO3UnH OXONOHE,
pocunte B Hboro 0,1-0,2 r uepsoHoi Kpos'AHOI coni (K;[Fe(CN)]) i peTens-
HO nepeMillynTe, 4OKM BOHA PO3UMHUTLCA. [TOTiIM Ha OHO WNPOKOI CKIAHKMN
NOKNagiTb Pi3Hi HeBenuvKki 3anisHi NnpegmeTn (UBAX, APIT, NNACTUHKY TOLLO).
YacTnHy npepmeTiB obmoTalTe MigHUM [POTOM, @ YaCTUHY — LMHKOBMM.
OaviH i3 npegmeTiB, NPUMIPOM LBSX, 3anuwTe 6e3 gedopmaldii, a oanH Tpo-
XV NOTHIiTb. 3anuiiTe BCi NpeiMeTN PO3YMHOM XeNaTuHY Ta 3anuwTe Ha Aooy.
MoAcHITb 3MiHW, Wo BiabynucA. AK BNAMBAE Ha KOPO3ilo KOHTAKT 3ani3a 3 iH-
WMK MmeTanammn (LMHKoMm i mipato)?



§ 37. BuABNeHHA NOHIB Yy po3uYnHax

MpurapanTte:

+ AKICH/MUW Ha3MBaloTb peaKLii, 32 AKUMN MOXKHa BUABUTW HAABHICTb (BifCyTHICTb) NeBHOI
PEUYOBVHM YN MOHIB Y CyMmiLli;

+ BNACTMBOCTI aMOHiaKy (3a § 24);

« AKi KUCNOTW € CUNbHUMU;

« reflb — CTPYKTypOBaHa AMCMEepCHa CUCTeMa, AKi BNacTUBI BiACYTHICTb TEKy4OCTi,
3paTHicTb 36epiraty Gopmy Ta NNacTUYHICTb.

AKicHI peakuil

Y 9 kjaci BU BiKe O3HAWOMMJINCS 3 eJeMeHTaMM aHaJiTHUYHOI Ximii,
a caMe 3 SKiCHMMHU peakIigsMu Ha Aedaki foumm. ¥ 10 Kjgaci BU HaBUMIU-
cA 3aCTOCOBYBATU AKiCHI peaxiiii ajgda BU3HAUEHHS OPraHidYHUX PEYOBUH
(baraToaTOMHUX COUPTIB, aJbJeTiAiB TOII0). ¥ IIboMy maparpadi Mu IpomoB-
JKMMO BUBUYATH AKiCHI peakIlii AJid BUABJEHHA NeBHUX HOHIB y PO3UMHAX.

ITpuragaiimo, 10 AKicHMMU € Juille Taki peaxirii, ski BigOyBaroTbcA
MIBUAKO i mig vyac AKUX mobOpe IMOMiTHI meBHi 3MiHHU.

3asBuuail Taki peaxiii BimOyBamTbCA 3 IIEBHOIO 3MiHOIO 3a0apBJIeHHS
POBYMHY, YTBOPEHHAM OCay IIEBHOTO KOJHOPY ab0 3 BUAIJIEHHAM Tasy, AKUN
TaKOXK MOKe MaTu (41 He MaTu) 3abapBieHHA abo 3amax.

BuABneHHA KaTioHIB y pO3UnHI

Kounu figerhcs mpo KaTioHu, To HacaMIlepen MailOTh Ha yBasi HOHU Me-
TamidyHuX ejaeMeHTiB. Taki KaTioHM BUSABIAIOTE MEePEeBAKHO PEaKIiaMU, AKi
CYIIPOBOIKYIOThCS YTBOPEHHAM OCAany, XOoua iCHYIOTH i immri cmemmdiuxi
peaknii. 3okpema, onn H' ta OH BHABIAIOTL iHZMKaTOpaMu, a Jedki
KaTioHM — 3a 3MiHOI0 3a0apBJIeHHA ITOJYM .

1. Busasaenns xationis ®@epymy(Il) Fe2". Posuunu coseit @epymy(Il)
3a3BUYall MarTh cjabke OJsimo-seseHe (camaToBe) 3abapBieHHs. Ilig ugac
IOoJaBaHHS A0 TAKOTO PO3UMHY JYTY YTBOPIOETHCS HEPOSUMHHUMN TiIpOKCHUT
TAKOI'0 CaMOT'0 KOJILOPY, AKHUH i3 wacoM cTae OiabIT PyaAuM yHACJTIZOK OKMC-
HEeHHA KWCHEM IIOBiTpA:

FeSO, + 2KOH = Fe(OH),! + K,SO,
(6nigo-3eneHunin)
4Fe(OH), + O, + 2H,0 = 4Fe(OH),
(Gypun)
Binepmr uyTimBoio peakiiieo (ToOTO sAKa BUABJAE MEBHI HOHM B MeEH-
miii KoHmeHTpanii) Ha fioau Fe?" ¢ peakmia 3 uepBOHOI KPOB’AHOIO CiJLIIO.
Sx BimOyBaeThcA I peakilid MOAAHO B JeMOHCTPAIlinHOMY JOCJifi.
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2. Bussiaennsa xarionis ®epymy(III) Fe3". Posunnu coueit @epymy(I1I)
3a3BrUuYali MalOTh iHTEHCUBHE KOBTe ab0 HaBiTh KOpuuUHeBe 3abapBJIEHHI.
Ilix yac momaBaWHA MO TAKOTO PO3UYUHY JIYT'y YTBOPIOETHCA HEPOSUMHHUN
rizpokcup »xoBTOT0 (400 Pymoro, ipKaBoro uu Oyporo) KOJIbLOPY:

FeCl, + 3KOH = Fe(OH),l + 3KCl
(6ypwii)

Binemr 4yTanBoOIO peakilieio Ha ioHU Fe3' € peakmis i3 :xoBTOI0 KpOB’d-
HOIO CijlIo uM KaJriii Tiomiamatom. SIK BimOyBaeThcs I peaxiiis IIOZAHO
B IeMOHCTPAI[IAHOMY IOCJIifi.

JemMoHcTpauinHun gocnig:
BUAB/MEHHA Y PO3uuHi NoHie Fe?" Ta Fe3*

Y nepwy npobipKy HanuBaemo po3unHu bepym(ll) cynboary,
a B gpyry — depym(lll) xnopuagy. lo o6ox npobipok popgaemo
no Aekinbka Kpanenb PO3YMHY 4YepBOHOI KPOB'AHOT coni (Kanin
rekcauiaHodepaty(lll) K;Fe(CN),). ¥ nepuwin npobipui yTeoptoeTbca
TEMHO-CUHI ocap TYpPHOYNEBOT CUHI, WO CBiAYNTb NPO HaABHICTb
noHis Qepymy(ll) B po3umHi. Y apyrin npobipui XOAHUX 3MiH He
BigbyBaeTbca (man. a).

MoBToptoemo pocnip, ane fo o6ox Npobipok JoOAaEMO Mo feKinbka Kpanesnb
PO3UnHY OBTOI KPOB'AHOI coni (Kanin rekcauiaHodepaty(ll) K,Fe(CN),). ¥ nepuwin
npobipui »ogHWX 3MiH He BigbyBaeTbCA, a B APYrill YTBOPIOETbCA CUHIN ocCaf
6epniHCcbKOT nasypi, Wo cBigunTb Npo HaABHICTb MoHiB Oepymy(lll) (man. 6).
MNMoBTOploEMO pocnig, ane o 060x Npobipok AoJAEMO MO AeKinbKa Kpanenb pos-
unHy Kanin TiouiaHaty KSCN. Y nepwiii npobipui »kogHUX 3MiH He BifbyBaEeTbCA,
a B Apyrin 3abapBneHHA 3MIHIOETbCA Ha KPYBaBO-YEPBOHE BHACNI[OK yTBOPEHHA
depym(lll) Tiouianaty Fe(SCN), (man. 8).

i

o
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3. Busasiennsa karionis Bapiro Ba2*. Bapiii yTBopIoe HepO3UNHHUI CyIb-
dar, Ha IILOMY I'DYHTYETHCA CHOCI0 BUABJEHHS HOTo B po3umHax. I[o pos-
YKHYy, 10 BUIPOOYIOTh HA BMicT fioHiB Bapiro, momarTh po3uuH OyAb-sIKOTO
PO3UYMHHOTO cyabdaTy (3a3Buuaii HaTPill cyabdary) abo posdbaBiieHy cyabdar-
HY KHCJOTY. 3a yMOBU HasBHoCTi itoniB Ba?' yrBoproerncsa 6inuit kpucra-
Jiuuauii ocan Oapiii cyabdary:

BaCl, + Na,SO, = BaSO,l + 2NaCl

JeMoHcTpauiHnin gocnia: BuasneHHa nowis bapio Ba%*

Y aBi Npobipky HanMBaemo po3unH bapiit xnopugy (abo HiTpaTty). Y nepy npo-
6ipKy [OJAEMO [HeKinbKa Kpanenb HaTpii cynbdaty, a B apyry — po3baBneHoi
cynbdaTHOI KMcnotu. B 06ox npobipkax yTBOPIOETbCA OINMIA KpUCTaniyHUin ocag
6apini cynbdaty, WO CBIAUMNTL NPO HaABHICTb MOHIB bapilo B po3uuHi.

4. BuaBieHHA KaTioHiB aMOHiIO NHI. Buasnenna KaTioHIB aMoOHitO
I'PYHTYETbCA Ha JIETKOCTI aMoHiaky. Xoua aMoOHiak Iy:ke HoOpe PO3UMHS-
€ThCcA Y BOJi, ajie (xoua 1 y HEBeJIUKiN KiJIbKOCTi) BiH 3aBIKAN BUMIISAETHCS
3 pO3UMHY B TIOBiTpA 0e3 yTBOpPeHHA OyJanOaIiok rasdy. s mpoBemeHHS
AKicHOI peakrIril MO0 PO3UYMHY COJIi aMOHiI0 HOZAMO PO3UUH JYIY:

NH,Cl + KOH = NH,T + KCl + H,0

Awmoniak — 0GesbapBHUI ras, ajie BiH Mae cuenu@iuyHuii 3amax. YTim,
AKIITO KOHIIEHTpallisd HOHIB aMOHiI0O B po3uMHi Oyja HeBeJIHKa, TO 3aIlaxy
aMoOHiaKy Mo:KHa He BimuyTu. Tomy aad moBeIeHHA HOT0 HAABHOCTI BU-
KOPHUCTOBYIOTh BJIACTUBICTHL PO3UYMHY aMOHiaKy 3MiHOBaTH 3abapBIeHHSA
iHAUKAaTOPiB.

ITicna momaBaHHA JAyry B mpoOipKy 00epeskHO (He TOPKAlUYuCh CTiHOK
mPoOipKM Ta PO3UYMHY Ha JHi) MOMINIAalOTh 3BOJIOMKEHUI iHAMKATOPHUY mTa-
mip. 3MiHa KOJIBOPY iHAWKAaTOpa Ha TaKWUii, IO BiIOBiLae JIy:KHOMY cepeo-
BUIIY, CBiIUUTH IIPO HAABHICTH aMOHiaKy B HOBiTpi Bcepeamui mpobipKu.

193
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JeMOoHCTpauinHMin gocnif: BUABNEHHA NOHIB aMOHIlo

Y npobipKy HanMBAEMO PO3UYMH aMOHIN XJiO- ]

puay 2-3 mn. Jo po3umHy [ONMMBAEMO PO3YUH EpEET
nyry o6’emom 1-2 mn. Y cepepmHy npobipku
00epexHo, He TOPKalUMCb CTIHOK i pPiguHu,
BHOCMMO 3BOJNIOXEHWN nanipeub yHiBepcanb-
HOro iHgukatopa. [NoCUHIHHA iIHOWKATOPHOro
nanipusa ceigunTb NPO HaABHICTb MOHIB amo-
Hil0 B PO3YUHI.

BusBneHHa aHioHIiB

VYV oOinpmrocTi BUNMAAKIB aHiIOHU, AKi BUABJJAITL y PO3UMHAX,— Ie aHi-
OHU KUCJIOTHUX 3anuinkiB. Hatiuacrimme iX BUABIAIOTH 32 YTBOPEHHAM He-
PO3UMHHUX COJIell TIeBHOrO KOJabopy. [leAKi 3 HMX Bu BuUBUAIM B 9 KJaci.

1. Buasjennsa cujikar-ionis. Maiizke Bci coui cMIiKaTHOI KMCJIOTH He-
posumHHi y Bomi. Ase, Ha BiAMiHY Big iHIIMX KMCJIOT, CHJIiKaTHaA KHCJIOTA
Mae IIe OJHYy 0CO0JIMBicTh: camMa BOHA HepoauwmHHA. [[fo ii BiIacTuBicTh
BUKOPUCTOBYIOTH IJIsI BUSABJEHHA cUJiKaT-ioHiB. [/d mpoBefeHHA AKicHOIL
peaxiIiii o DOCIiZ:KyBaHOTO PO3UMHY AOLAIOTHh PO3UUH OYyIb-IKOI CHUIBHOIL
KUCJIOTH:

Na,Si0, + 2HCI = H,SiO,;l + 2NaCl
3aJiesKHO BiJ KOHIIEHTPAIIil COJIi B PO3UMHI CUJIiKaTHA KHCJIOTA YTBOPIOE

Oinmuit amopdHUN mIacTiBuacTuil ocag abo 6e30apBHUII I'eib, IO He BUTIKae
3 IPoOipKMH.

2. Buasaennsa oprodocdar-ionis. Bara-
TO coJiefr oprodochaTHOI KMCIOTN HEPOSUMH-
Hi v Bomi. Ane omHa 3 Hux — apreutym(l)
oprodochaT — Mae xXapaKTepHUIN ACKPaBO-
KOBTUHA Kojip. TomMy nasa BUABJIEHHS OPTO-
dochar-ioniBs BukopuctoByioTh apreuTym(l)
HiTparT:

K,PO, + 3AgNO, = Ag,PO,l + 3KNO,

Jlipgia MaBniBHa JloriHoBa

SAx Bu Bike BuBUaIum B 9 KJjaci, apreH- (Hap. 1950)
tym(I) HiTpaT BUKOPUCTOBYIOTH IJis BUSAB- YKpaiHcbKa ximikvHs. [o-
JeHHa iHmMUX aHioHiB, ane ocax aprentym(I) cnifpkysana MeToam BuAB-
oprodocdary Bif iHIITUX ocaaiB BiApisHAETHCA NeHHs MOHIB y Garatokomno-

KOJIBOPOM HEHTHNX CyMiLLIaX
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JIABOPATOPHI AOC/IAN N23-8

BuasneHHA B po3uunHi KatioHiB Qepymy(ll), ®epymy(lll), Bapito,
aMoOHilo, cunikaTt- i optopocdaT-ioHiB

O6a0HaHHA: TITATUB i3 TpOOipKaMu, TiTIeTKH.

Peaxmusu: ingukaTopHuii mamip, posunuu: ayry, pepym(Il) cyasdary,
depym(III) xmopuny, 6apiit XJI0pUAY, aMOHIT XJIOPUAY, HATPiH cu-
Jikary, HaTpinn oprodocdary, HaTpiil HiTpaTy, HaTpiil cyabdary,
apreatyMm(I) miTpary, cyabdarHOl KMCIOTH Ta XJIOPUAHA KUCJIOTA.

| HpaBuna Gesnexu:
® - IIA [OCJiIiB BUKOPUCTOBYHTE PEaKTHUBU B HEBEJIUKUX KiJIBKOCTAX;
« ocTepiraiiTecsa MOTPANJIIHHS PEaKTUBIiB Ha IMKipy, omAr, B 0Ui; y pasi
HOTPANJIAHHA PEUYOBUHM 3MHUITE 11 BEJMKOIO KiJIbKiCTIO BOAM.

JlaGoparopuuii gocuaing Ne 3. BuaBmenns karionis ®depymy(Il)

Y npobipky mamuiite posumH (epym(Il) cynabsdatry o6’emom 2—-3 ma
Ta gomaiite 2—3 Kpamiai posumHy Jayry. 1o cmocrepiraere? 3a sAKoi0 03-
HAaKOI0 MOKHA JOBECTU, IO B Hpobipmi micrarsca #omu Fe2™? Crkiamits
PiBHAHHSA peakxIlii B MOJEKYJSIPHIA Ta HOHHO-MOJEKYJIAPHIA (opMax.

JlabopaTopumuii mocaig No 4. Buasnennsa katiouis ®@epymy(I1I)

Y npobipky Hamuiite posuun ¢epym(IIl) xmopumy o6’emom 2—-3 ma
Ta pomaiite 2—3 Kpamiai posumHy Jayry. IIlo cmoctepiraere? 3a KO0 03-
HAaKOI0 MOJKHA JOBECTU, IO B Hpodipmi micrareca #omm Fe3t? Criamits
PiBHAHHSA peakKIlii B MOJIEKYJIAPHIiN Ta HOHHO-MOJIEKYJIAPHiN opMax.

JlaGopaTopuuii mocxaing Ne 5. BuaBmenns kartioniB Bapiro

¥V nBi mpob6ipKku HaIUiiTE PO3UMH Oapiii XJIOPUAY 00’ €MOM IT0
2—3 M. Y mepiry mpobipKy mozatitTe 2—3 Kpallii po3YnHY HaATPik
cyabdary, a B Apyry — Taky caMy KiJIbKicThb posumHy cyJibdar-
Hoi Kucyortu. IIlo cocrepiraere? 3a AKOI 03HAKOI0 MOYKHA IO-
BECTH, IT0 B Ipobipkax micTarsca itorn Ba?t? Ckiaxite piBHAH-
HS PeakIlil y MOJEeKYJIAPHINA Ta HOHHO-MOJIEKYJIAPHIN dopmax.

JlaGoparopuuit gocaig No 6. BusaBiaenns KaTioHiB aMOHi0

Y npobipky HaauiiTe PO3UMH aMOHIiN XJopuiay o6’emoM
2—3 M, pomaiTe po3uuMH Jyry odo’emom 1-2 mia i obepeskHO
CTPYCiTh mPOOipKy. ¥ cepequuy npoOipKu obepe:kHO, He TOP-
KalouucCh CTiHOK i pigmHM, BHECITH 3BOJIOMKEHUU iHAMKATOP-
Hu# namipenb. 1o cmocrepiraere? 3a AKOH 03HAKOIO MOKHA
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IOBECTH, II[0 B IIpobipmi micTaTbea KaTionm amoHio? CKJIAZiTh PiBHAHHSA

peakIiii B MOJIEKYJIAPHiN Ta MOHHO-MOJIEKYJIAPHiN (opmax.

JlaGopaTopuui mocaing Ne 7. BusaBiieHHs cuUJIiKaT-iOHIB

Y npobipry HaiuiiTe PO3YMH HATPill cuiaikaTy 00’eMoM
2—-3 My Ta momaliTe XJOPUAHY KHUCJIOTY o6’emom 1—2 muI.
IITo coocrepiraere? 3a AKOI0 03HAKOIO MOYKHA JOBECTH, IO
B mpobipii micTaATbea cuaikatr-ionu? CrJaamiTh PiBHAHHS
peakIii y MOJIEKYJAAPHIN Ta HOHHO-MOJEKYJIAPHIA popmax.

JladopaTopuuit mocaix Ne 8. Bussiaennsa oprodocdar-ionis

Y mepiry mpobipKy HaJauiiTe PO3UYMH HATpPiii oprodocda-
Ty o6’emom 1 M, Vv APYyry — TaKy camMy KiJbKicTb po3umMHY
HaTpi#t HiTpary. Lo 000X mpobipok momaiiTe mo 2—3 Kparii
posumny apreutym(l) mHiTpary. IIlo cmocrepiraere? 3a AKOIO
03HAKOI0O MOXKHA [OBECTH, y fAKiil i3 mMpoOipok MicTATbCS Op-
Todpochar-ionn? CraagiTh PiBHAHHA PeaKIliil y MOJIEKYJIAPHI

Ta WOHHO-MOJIEKYJIAPHINA (hopMax.

”
o

o

s

KniouoBa iges

MeToam BUABNEHHA MNOHIB Ta PEYOBUH y CYMillax FPYHTYIOTbCA Ha iXHiX BnacTu-
BOCTAX.

KoHTponbHi 3anuTaHHs

525. flk BU po3yMi€Te MOHATTA «AKICHI peakuii»?

526. Aki ximiuHi peakUii MO>KHa BUKOPNCTOBYBATK AK AKICHI?

527. CxapaKkTepusyiiTe skicHi peakuii Ha hoHu Fe?t, Fe3t, Ba* ta NHj. fki o3Hakw
UMX peakuin?

3aBAaHHA N 3aCBOEHHA Ma'repiany

528. 41 € OAHO3HAYHMM [OKA30M HaABHOCTI aMOHiaKy MOCUHIHHA iHAWKAaTOPHOro
nanipua? Yomy He MoxKHa TopKaTMCA manipuem CTiHOK npobipkn? Yomy nani-
peub Ma€e 6yTN 3BOSNIOXKEHNIN?

529. Yomy MOKNMBO BMABNATW CUIIKAT-iOHN peakui€lo 3 Kucaotamu? Ym moxkHa
B TaKWU CMOCIO BMABNATY aHIOHM iHWWX KACIOTHUX 3auLLKiB?

530.3anponoHyinTe peakTus, WO AO3BOMNTb PO3PI3HUTM NPOBIPKM 3 peyoBrHA-
MU B KOXHil1 i3 HaBeaeHnx nap: a) FeCl, i FeSO,; 6) FeCl, i FeCl,. Cknagitb
BiAMOBIAHI MONEKYNAPHI Ta NOHHO-MONEKYNAPHI PIBHAHHA peakLiii.

531. Hanuwitb piBHAHHA peakLii, 3a JOMOMOrol AKUX MOXHA PO3PI3HUTY HaTpin
cynbdart Ta anomiHin cynbdart.



§ 37. BuABneHHA MOHIB y pO3uMHax

3aBp,a|-||-|;| 3 PO3BUTKY KPUTUNYHOIo MUCJIEHHA

532, [pyHTyl0uMCb Ha amMmpOTEPHOCTI anioMIHIN FigpPOKCMAY, 3aNPONOHYNTe AKICHY
peakuito ana Bu3HauyeHHa antomiHin(lll) xnopuay. Yn MoxHa Bigpi3HUTK anio-
MiHI Ta UNHK?

533. [purapante AKiCHY peakuilo Ha NeBHY OpraHiuHy peuvyoBUHY, AKY BM BMUBYANIU
B 10 knaci, 3a yuyacti ¢pepym(lll) xnopuay. Yn moxHa ii BUKOpucToByBaT/ AnA
BUABINEHHA OHIB Fe3*?

534.HanABHi 4oTUpPKM 3pa3Ky TBEPANX PEYOBMH: HATPIN KapOOHaT, KanbLin Kap-
60HaT, HaTpin cynbdaT i Kanbuin cynbdaT. Yn MoXHa po3nisHaTy Ui pe-
YOBMHM, BUKOPMUCTOBYIOUM NMlIe BOAY Ta HiTpaTHy KucnoTy? Bignosigb
0o6r'pyHTYyNTE.

535. Ak B/ BBA)KA€ETE, UM MOXKHA BUABAATU MOHW MEBHUX METANMIYHUX €/IEMEHTIB,
nomilaroum 3paskm B nonym’a? AKWO TaK, HaBeAiTb NpuKiaau.

NMPAKTUYHA POBOTA Ne 1

HocnigKeHHA AKiCHOro cknapy conen

O6na0HaHHA: MIITATUB i3 MPOOipKaMu, IimeTKU.

Peaxmusu: ingukaropuuii mamip, posuunu: ¢pepym(Il) cyandary, de-
pym(III) xmopuny, 6apiit xmopuny, ayry, aprearym(l) mHiTpary, amo-
Hilt xJ0pUAYy, aMOHi# cynbdaTy, HaTpilt KapboHATy, HATPiH CyIb-
dary, HaTPili cCUIiKATy Ta XJOPUIHA KUCJIOTAa.

| lpaBuna Gesmexu:
® A [OCJIiIiB BUKOPUCTOBYHTE PEaKTUBU B HEBEJIUKUX KiJIBKOCTAX;
- ocTepiraiiTecsa mMOTpalJIAHHA PeaKTUBIB Ha IIKipy, B odui; y pasi mo-
TPAILISHHA ITKOI PEeUOBMHU 3MUMNTE 1i BEJIUKOIO0 KiJIbKICTIO BOIN;
* IJIsT BUBHAUEHHS 3allaxXy PEYOBUH He IIiJHOChTe MPOOipKy M0 00Imuusd,
a CIpAMOBYIiTe MOBITPA pyXaMu PYKU A0 cebe.

CrJamiTe mJIaH OOCHIIMKeHHS SKiCHOro CKJALy COJIeH IJis Po3B’sA3aHHSA
3aIIPOIIOHOBAHUX €KCIEPUMEHTAJbHUX 3amau. BuKoHalTe HeoOXigHi ximMiuni
IOCIiau, OIMUIIINTh CIIOCTEPEKEHHs Ta 3P00iTh BHCHOBKMU.

3amaua 1. Y gBox mpobipkax mictarbesa posuunu Gepym(Il) cynabpary Ta
depym(IIT) xmopuay. HoBemiTh eKCIIEPUMEHTAIBHO BMIiCT KOKHOI TPOOipKu.

3amaua 2. Y 1BOX HNPoOipKax MiCTATHCSA PO3UMHU COJIeli: aMOHIN XJ0opum
Ta amMOHiN cyabdar. [loBemiTh, 110 peyoBMHU B 000X BUHIAJKaX — I COJIi
aMmoHi0o. BuaHauTte eKClepmMeHTAJIBHO CKJIAA KOYKHOI PEUYOBUHU.
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3amaua 3. Y TphOX IPOOipKax € PO3UMHM CoJIeli: HaTpiii KapOoHAaT,
HaTpill cyabdar, HaTpili cuiaikar. BukopucToByooum Juille O0apiii XJIOPHUZ
Ta XJOPUIAHY KUCJIOTY, BU3HAUTE AKICHUU CKJIaJ KOYKHOI PEUYOBUHU.

g popmyJiroBaHHA y3arajJbHIOIOYOTO BUCHOBKY BUKOPHUCTANUTE BiaIo-
Bimi Ha 3amuTaHHA:

— $IKi peakii HasuBaOTL AKicHUMM?

— SxuM BuMoOramM MamTh BigmoBimaTu sakicHi peaxirii?

— 3a AKUMU O3HAKaMH BUABJAIOTH Ti UM iHIINI HOHM B PO3UMHI?

§ 38. Y3aranbHeHHA 3HaHb NPO BAACTMBOCTIi HEOPraHiYHMX

CMONYK OCHOBHMX Knacis. leHeTUYHi 3B’A3KN

MpwuraganTe:

+ Knacudikauito conen Ta ogepKaHHa Kucnmx conen (3a § 13);

+ oKcnam — ue 6iHapHi cnonykn 3 OKcureHom, y Akmx OKCUreH BUABAAE CTYMiHb OKNC-
HeHHA -2.

Okcnan

@DizruHi BJIACTHUBOCTI OKCHUIIB 3yMOBJIEHI THUIIOM KPHCTAJIUHUX I'DATOK
y peuoBWHAX, a OTiKe, i TUIIOM XiMiuHOTO 3B’A3KY.

Oxcumu Busunauenna XimMiuyHM# 3B’ 430K ArperaTHuii cTaH
Ta KPUCTAJIUHL 3a 3BUYAHUX YMOB
I'PaTKn
OcHOBHIi Oxkcunu, rigpatu 31ebiapIioro moH- TBepai pewoBuHU
AKUX € OCHOBAMU HUU 3B’ A30K i TOHHI
KPUCTAIIYHI I'DATKHU
Kucnorni | Okcunu, rigpatu Kosanenrnuit monap- | I'agysari (CO,, SO,),
AKUX € KUCJIOTaMU. HUM 3B’ A30K; MOJIe- pizki (SOg4, Mn,0,) a6o
Ix rakosx HasuBaTh | KyaapHi kpucragiuni | Teepai (P,0,, CrO,,
aHTiApPUAAMU KUCJIOT | I'PATKU N205) pedYoBUHU
Anmdo- Okcunu, 1o B3aeMo- | 3aebinpmioro fouuuii | Teepai Tyromnaaski
TepHi IiIOTh IK i3 KMCJIOT- 3B’ A30K; MOHHI a00 pevYoBUHU
HUMU, TaK i 3 OCHOB- | aToMHi KpucTagiuHi
HIMU PEUYOBUHAMU I'paTKu
Hecoie- Okcuau, SKUM He Kosamenrnnii mosap- | I'asysari (N,O, NO,
TBOPHI BiZmoBiZaroTh ami HUI 3B’ A30K; MOJIe- CO) a6o tBepxi (SiO)
KHCJIOTHI, aHi OCHOB- | KyJspHi ab0 aToMHi PEeYOBUHU
Hi peYoBUHU KPUCTAJiUHI I'paTKMU
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3aJIeKHO BiJ TOro, 40 AKOI IPYNU HAJEKUTL OKCHUJ, BiH BUSABJsAE PisHI
XiMiUHi BJIaCTHBOCTI.

1. OcuoOBHI oxkcumH

XimiuHi BIacTHBOCTI PiBHsaHHS pearuii

BsaemozitoTh i3 KMCIOTHUMU OKCULAMU 3 YTBO- Ca0 + CO, = CaCO,
PEHHAM COJIi.
He B3aeMoitoTh 3 0OCHOBHUMU OKCUAAMMI

BsaemoziroTh i3 KucaoTaMu 3 YTBOPEHHAM COJIL CaO + 2HCI = CaCl,, + H,0
Ta BOJU.
He B3aemogiroTs 3 ocHOBaMu

3 BOJI0I0 B3a€EMOJIIOTE JIUIIIE Ti OKCULU, IO CaO + H,0 = Ca(OH),
YTBOPIOIOTH JYTU (OKCUAH JYKHUX 1 JIYIKHO3€-
MeJIbHUX eJIEMEHTiB).

Ta1ri oKcuam 3 BOZ0IO He B3aEMOIIIOTh FeO + H,0 #

Bsaemogirors i3 BifHOBHUKAMM: aKTHBHIIIINMHI 3MnO + 2Al = Al,0, + 3Mn
MeTajsaMu abo ByTJIeIleM YU BOJHEM. FeO + C=Fe + CO

He BzaemoniroTs i3 conamu CuO + H, = Cu + H,0

2. KucmxorHi oxkcumu

XimiuHi BIacTUBOCTI PiBHAHHA peakmil

BsaemozmioTh 3 OCHOBHUMHY OKCHUIAMU 3 YTBO- S0, + Ca0 = CaSO,
PEHHSAM COJIi.
He B3aeMogiroTs i3 KMCIOTHUMU OKCHUIAMU

BsaemoziroTh 3 o0cHOBaMU 3 YTBOPEHHAM COJIi S0, + Ca(OH), = CaSO, + H,0
Ta BOJIM.

He B3aemogiroTs i3 KuciaoraMmu

BsaemoziroTh i3 BOIOIO 3 YTBOPEHHAM KHCJIOT SO, + H,0=H,S0,

(3a Bunarkom cuainii(IV) oxcumy) Si0, + H,0 #

BsaemogitoTh i3 conmsaMu 3a YMOBU YTBOPEHHS CaCO, + SiO,, < CaSiO, + COZT

serkoro okcuny (CO,, SO,)

3. AmdorepHi oxcuau

XimiuHi B1acTuBOCTL PiBHAHHA peakiiil
BsaemopiroTs i3 Kucaoramu it ocaosamu 3 yTBo- | ZnO + 2HCI = ZnCl,, + H,0
PEHHAM COJIi Ta BOAU ZnO + 2NaOH = Na,ZnO, + H,0
BsaemogiroTs i3 KMCIOTHUMY I OCHOBHUMU ZnO + CO, 4 ZnCO,

OKCHAAMHU Ta MixK co00I0 IIiJ Yac CILIaBISHHS 700 + Ca0 2 CaZnO,

ZnO + AL,0, £ Zn(AlO,),
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4. HecoJieTBOpHi OKCHMAM He B3a€MOMIIOTH aHi 3 BOMOIO, aHi 3 KMCJIOT-
HUMU Ta OCHOBHUMH OKcumamu. [[Jisg HUX GiJabIl XapaKTepHUMU € BimHOBHI

BJIACTUBOCTI.

XimiuHi BIacTHBOCTI

PiBHanHa pearii

BszaemozioTs i3 KucHem

2NO + 0, = 2NO,
2C0 + 0, = 2CO,

Kap6ou(Il) okcu BifHOBIIOE MeTaIN
3 OKCHUIB

CuO + CO = Cu + CO,,

Kncnotu
Kucmoru — me emexkTporitu, mig wvac aumcoriamnii AKMX yTBOPIOIOTHCA
aHIOHM KUCJIOTHMX 3aJMINKIB Ta KaTiOHM JHIIe OJHOTO BuAy — hoHum HT.

Pos6aBiieHi po3unHM KUCJIOT BUSABIAIOTH 3arajbHi XiMiuHi BIacTUBOCTI,
10 € CHiJIbHUMU SAK IJs HEeOPraHiuHUX, TaK i I OpraHiuvHMX KKCJOT.

XimMiuHi BJIaCTHBOCTI

PiBHanHa pearuii

Enexkrpositnuna gucormiania i, AK Ha-
CJIiTOK, 3MiHA 3a6apBJIeHHA iHIUKATO-
piB

H An 2 xH" + An*~

BsaemogiroTs i3 MeTasaMu, po3TaImo-
BaHVUMU B PAAY aKTUBHOCTI JIiBitire
3a BOJIEHb

H,SO, + Zn = ZnSO, + H,T

BsaemogitoTs i3 ocuéBHUMEY Ta amdo-
TEPHUMU OKCUJAMU 3 YTBOPEHHAM COJI1
i Bogm

H,S0, + FeO = FeSO, + H,0
Al,0, + 6HCI = 2AIC, + 3H,0

BsaemoziroTs 3 ocHOBaMu Ta am@oTep-
HUMU TiIPOKCUAAMU 3 YTBOPEHHAM
coJii i Bogu

H,PO, + 3NaOH = Na,PO, + 3H,0
H,S0, + Zn(OH), = ZnS0, + 2H,0

BsaemogitoTs i3 comsamu, AKINO B pe-
3yJbTaTi peakilii BUAiJIAETbCA ras,
YTBOPIOETHCS 0ca] abo Boma

H,SO, + BaCl, = BaSO,| + 2HC]

2HCI + Na,Si0, = H,Si0,l + 2NaCl
2HCl + FeS = FeCl, + H,ST

2HNO, + CaCO, = Ca(NO,), + CO,T + H,0

OcHoBU

OcHOBU — IIe eJIeKTPOJIiTH, HiJ uYac Aucolriaiii AKuUX yTBOPIOIOTHCS
KaTioOHW MeTaJiuYHUX eJeMeHTiB, aMOHii0 (a00 HOTO OPraHivYHWX TMOXiTHUX)
Ta aHioOHU JIKIlle OAHOro BUAy — Triapokcuma-ionu OH™. PosuunHi ocHOBU —
TiApOKCUAN JYXKHUX €JEeMeHTIB Ta aMOHil0 — Ha3MBaIOThL JIyramMmu. Xoua
JIYTU Ta HEePO3UMHHI riIpoKCcuaAU € OCHOBHUMU PeUYOBUHAMU, ajie IXHi XiMmiuHi
BJIACTHBOCTI MEI0o BimpisHAIOTHCA BHACJIIZOK PisdHOI PO3UMHHOCTI.
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Jyru HeposuunHi rizpokcuan

3MiHIOIOTEH 3a0apPBICHHS IHINKATOPIB He sminmooThs 3a0apBiaeHHs
iHgUKaTOPiB

BzaemogitoTs i3 KucaoTamu (peakiria HelTpa- BszaemogiroTs i3 KucioraMu:
Jisarii): Fe(OH), + H,SO, = FeSO, + 2H,0
2KOH + H,S0, = K,S0, + 2H,0
BszaeMoaioTh i3 KMCIOTHUMU OKCHUIAMMU: BzaeMoioTs i3 KMCJIOTHUMU
2NaOH + CO, = Na,CO,; + H,0 OKcHIaMU, AKi € aHTigpusamMmu

CHUJIBHUX KUCJIOT:
Ca(OH), + SO, = CaSO, + H,0

Bsaemogirors 3 ampoTrepHauMU oKCcUgaMu i rin- | BaemomitoTs 3 am(poTepHUMHT
poxcumamm: OKCUJAMHU # TiIPOKCUIaMU
2NaOH + ZnO = Na,Zn0, + H,0 Hiﬂgac CHﬂaB(J)IﬂtHHm o o
KOH + Al(OH), = KAI(OH), (y posunsi) Fe(OH), +ZnO = FeZn0, + H,
.3;Fe(OH)2 + 2A1(OH), =

= Fey(AlO,), + 6H,0
BsaemogitoTh i3 po3unHamMu coseit, K0 YTBO- I3 posumHamu coseii 3a3BUUaAn

PIOETHCA HEPO3UMHHA PEeUOBUHA (BUIIAJA€ Ocal): | He B3BAEMOIIOTh
2NaOH + CuSO, = Cu(OH),! + Na,S0,

Tigpoxcuam Ty:KHUX eJIeMeHTiB CTiliKi 10 3a HarpiBaHHSA PO3KJIATAIOTHCA
HarpiBaHHsA (He PO3KJIATAIOTHC). 3 YTBOPEHHAM OKCHUIY Ta BOIM:
Tigpoxkcuam ny:XHO3EMENbHUX eeMeHTiB po3- | Fe(OH), L FeO + H,0
KJaZaioThes, ajie 3a 3HAUHO GiJbIol TeMepa-
TypHU, Hi’K HEPO3UUHHI IiAPOKCUIU:

Ca(OH), = Ca0O + H,0

AmboTepHi rigpokcnan

AmdoTepHUMEU € CIOJYKH, M0 B3aEMOMIIOTH i3 PEUOBMHAMUM HAK KUC-
JIOTHOI, Tak i ocHOBHOI mpuponu. Antominii, ITuuk i gesaxi inmri ememen-
TU YTBOPIOIOTH aM(POTEepHiI OKcUAM Ta Tigpokcuau. AmdorepHi rizpoxcugm
BUABJIAIOTh YCi BJIACTHBOCTI HEPOSYMHHUX TiJPOKCUAIB. IXHi 0co6amBOCTi
OPOABIAITHCA Y B3aEMOIil 3 OCHOBHUMU PEUOBUHAMIU.

Ilix vac crmaBAAHHS 3 OCHOBHHUMU OKCHAAaMU ab0 TiApoKCHUAAMU yTBO-
poioThecA ciab (IMuHKAT abo aJifoMiHAT) Ta Boja:

Zn(OH), + MgO £ MgZnO, + H,0
Zn(OH), + Mg(OH), £ MgZnO, + 2H,0
Y BuUmagKy aJIOMiHI# TigpoKcuAy 3aJieKHO BiJ CHiBBiOHOIIIEHHS JYTY
1 OKCUIY YTBOPIOIOTHCA IBa TUIIW COJIEH — MeTaaJIIOMiHAT Ta OPTOAJTIOMiHAT:

* 3a Hecraui ayry: Al(OH); + NaOH = NaAlO, + 2H,0
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* 3a Hagaumky jayry: Al(OH); + 3NaOH 4 Na,AlO; + 3H,0

CBiKOIPUTOTOBJICHUI AJIOMIHIA Ta IMUHK TiAPOKCUIN aKTHUBHO B3aEMO-
IiIOTH i3 PO3UMHAMM JIYTiB 3a 3BUYAMHUX YMOB:

Zn(OH), + 2NaOH = Na,[Zn(OH),]

(HaTpin TeTparigpoKcoLnHKar)

3ajIerKHO BiJ KOHIIEHTpAILil JyTy aJloMiHill TiZpOKCHU MOYKe YTBOPIOBATU
IBa PisHiI IPOAYKTHU:
Al(OH); + NaOH(pos6.) = Na[Al(OH),]
(HaTpin TeTparigpokcoaniomiHaT)
Al(OH); + 3NaOH(xon1m.) = Nag[Al(OH)g4]

(HaTpil rekcarigpoKcoantomiHaT)

Coni

Coui — me ximiumi cmoaykwu, IO CKJIAZAOTHCA 3 KaTiOHiB Ta aHiOHIiB.
s cepemHix cojel xapaKTepHi peakIii oOMiHy Ta po3KJamaHHA
Ha OKCUIHU.

XimiuHi BIacTuBocTi

. . PiBHaHHS peakruii
cepenHix coJei

Bsaemogirors i3 Kucaoramu, FeS + 2HCI = FeCl,, + stT

AKII0 YTBOPIOETHCA cIabkima CaCO, + 2HCl = CaCl, + CO,T + H,0

4K HeCTifiKa KHcIoTa abo ocan BaCl, + H,SO, = BaSO,| + 2HCI
Na,Si0, + 2HCl = 2NaCl + H,Si0,

BsaemogitoTs i3 myramu, sIKIIIO CuCl, + 2NaOH = Cu(OH)zl + 2NaCl

YTBOPIOETHCA HEPOSUMHHUU TiPOKCU].
I3 HepoBUMHHUMY TiApOKCUIAMU
He B3aEMOJIIOTH

Berynarors y peakirii o0OMiny 3 iHImmmu AgNO, + NaCl = AgCl + NaNO,
COJIAMU, AKIIO YTBOPIOETHCHA OCa/ BaCl2 + Na2804 = BaSO4~L + 2NaCl
CaCl, + Na,CO, = CaCO,l + 2NaCl

PoskiagamoThbea 3a HarpiBaHHS, AKIIO CaCO, £Ca0 + COZT
YTBOPIOIOTHCSA JIETKI OKCUIH CuSO, Lcuo + SO3T
Cu(NO,), = Cu0 + 2NO,T + 0,1

AKTUBHIII MeTaJI BUTICHAIOTL MEHIII CuSO, + Fe =FeSO, + Cul
aKTUBHI MeTaJu 3 PO3UUHIB cOJIeit

XimiuHi BJIACTUBOCTI KMCJIMX COJIeH IIeBHOIO Mipoio MOmiOHI mo BacTu-
BOCTeIl KHCJIOT.
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XimiuHi BIacTUBOCTI
KHMCJINX COJIeH

PiBHaHHA peakrii

I3 KucmoTraMu B3aEMOIiIOTH
3a YMOBU YTBOPEHHSA CJIa0Ki-
110l a60 HeCcTiNKOI KUCI0TH

NaHS + HCl = NaCl + H,ST
Ca(HCO,), + 2HCI = CaCl, + 2C0,T + 2H,0

I3 myramu B3aeMOIiIOTH
3 YTBOPEHHAM COJIi Ta BOJH,
SIK KUCJIOTHU

NaHCO, + NaOH = Na,CO, + H,0
Ca(H,PO,), + Ca(OH), = 2CaHPO | + 2H,0
Ca(H,PO,), + 2Ca(OH), = Ca,(PO,),| + 4H,0

I3 cepepgnimu cosisimMmu BeTyma-
IOTh ¥ peakIlii o6MiHy 3a yMOBU
YTBOPEHHS HEPOIUMHHOI coJri

Na,HPO, + CaCl, = CaHPO,| + 2NaCl
Na,HPO, + 3AgNO, = Ag,PO,| + 2NaNO, + HNO,

3a He3HAUHOTO HATPiBaHHA
POBKJIaJaI0OThCA 3 YTBOPDEHHAM
cepenHix coseil 3a yMOBU BUi-
JIEHHSA JIETKOTO OKCULY

2NaHCO, £ Na,CO, + CO,T + H,0
Ca(HCO,), £ CaCO,! + CO,T + H,0

[eHeTNYHi 3B'A3KN MK OCHOBHMMW KilacamMu HeOpraHiyHMX cnonyk

I pyHTYIOUNCh Ha B3a€MOIIEPETBOPEHHAX DPEYOBMH OCHOBHHUX KJAciB He-
OPraHiYHMUX CIOJIYK, MOKHA BUSHAUUTU II€BHI 3aKOHOMiPHOCTi IIOCTYIIOBOT'O
iX YCKJIQZHEHHSA Ta B3a€MO3B’SIBKU Mi’K HUMU.

MpocTi Coni
pgqosvmm MeTi" W +Hemeran (6iHapHi) +MeTan Heme‘;ramn
+0, | |+H 0 +0,| |t
2 2 > 2
v AmdoTepHi v
Okcnpn OchoeHi +K|/|cnomgu«:malvI Kncnotwi
CEEAL abo ocHOBHa
A peyoBunHa
+H,0 | [-H,0 .
g 2 Coni
A +H,0 y | -H,0 v
Figpatn AmdorTepHi
. HOBM R
okcugis D rigpokcnpaun s gpcnoTh
+ KUCNOTHa
abo ocHOBHa
peyoBMHa
+Kunucnorta +Kunucnota
Coni
. . A PR ) I . .
Coni CepepHi coni Kwcni coni

+Kucnorta
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Ilig ywac BuBuenHsa opraHiunoi ximii B 10 Kiaci Bu gisHaaucs, mo ge-
AKi opraHiuHi pevyoBMHUW MOKHA OTPUMATH 3 HEOPraHiuHUX, i HaBOaKWH.
Tomy iHOAI TOBOPATH, IMO YiTKOI MeKi MisK opraHiuHMMM Ta HeopraHiu-
HUMHI pedYoBUHAMU HeMae. 3B 30K MilK HMMH MOJKHA IIPOiJIIOCTPyBaTH
CXeMOoI0:

HeopraHiuyHi peyoBuHMn OpraHi4yHi pe4yoBMHU
Byrneub
+CaCo, ¢ +Al e
AntomiHi +H,0 A
Kap6ig Al,C,
Kanbuiit kKap6ig M0 N
7 (aueTunenip) CaC, > Etun
Byrnekucnuin — > Iniokosa

ras ~3

N

T ~ KnouoBa igesa

MopibHicTb cnocobiB ofep)aHHA PeYOBUH OLHOFO Kflacy HeopraHiyHUX Cronyk
Ta iXHi XiMiYHi BNaCTMBOCTI JO3BONAIOTb MOEAHATA BCi KNacy CNOMYK Y €AVHY CXEMY,
O BiATBOPIOE reHETUYHI 3B'A3KN MiXX HUMM.

Q KoHTponbHi 3annuTaHHA
536. CxapakTepusyiTte knacndikauitlo oKCUaiB, KNCNOT, OCHOB Ta COMel.
537. CxapakTepusynTe XimMiuHi BNaCTUBOCTI OKCUAiB (KUCIOTHUX, OCHOBHUX i aMdo-
TEPHMX), KUCSIOT, OCHOB (NyriB i HEPO3YMHHUX FigpoKcuis), amboTepHUX ria-
POKCUAIB, CepefHiX Ta KUCINX Conen.
538. CxapakTepusyinTe reHeTUYHi 3B'A3KN MiX HEOPraHiYHUMU CNOTyKaMu.

3aBAaHHA ONsA 3aCBOEHHA MaTepiany

539. Bu3Haute XiMiuHi BNacTMBOCTIi OCHOBHUX KfacCiB HeOopraHiuHMUX Cnonyk,
Wo € MeToAaMu [O6YBaHHA CMONYK iHIWMX KnaciB. [PYHTYIOUMCb Ha HUX, CXa-
pakTepusyinte MeToan [OOYBAaHHA OKCWUAIB (KUCIOTHMX, OCHOBHUX Ta am¢po-
TEPHWUX), KNCSIOT, OCHOB (NyriB i HEPO3UMHHUX FiApOoKCUAiB), aMboTepHUX ria-
POKCUAIB, CepefHixX Ta KUCINX Conen.

540.MeBHy cnonyky KanbLito, AKa yTBOPIETbCA Mif Yac peakuii KanbLi Kapbigy
3 BOJOIO, 3HOBY BMKOPUCTOBYIOTb Af1A BUPOOHMLTBa Kapbigy. AKi nocnifgosHi
nepeTBOPEHHs HEOOXiAHO ANA UbOro 34iNCHUT?

s
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541. [lonoBHiTb CXxeMU peakLii, 3anuLWiTb Ha3BU NPOAYKTIB peakLii, 1o6epiTb Koe-

diuieHTn:

a) K,0 + H,0 — €) Cr,(SO,); + Mn — n) AL,(SO,); + KOH —
6) Fe(OH); — ... + H,0 X) Al(OH), + Ca — m) Fe,0; + NaOH —
B) SO, + H,O0 — 3) ALO, + HNO, — H) FeSO, + Ba(NO,), —
rn...— Co,+H0 n) AI(OH), + P,O, — o) Fe,0, + HCl —

a) ... + H,0 — Ba(OH), i) AICI; + AgNO; — n) Fe + HCl —

e) H,Si0;, — Sio, + ... K) Al(OH); + KOH — p) Fe,0, + Ca —

542,k XiMiYHVMM LINAXOM BUOANUTU 3 antoMiHiEBOro BMpoOy NpomyKTu Koposii
(antomiHin okeug i rigpokcna) 6e3 NOLWKOAXKEHHS MeTany?

543.Y cknagi AckpaBo-uyepBoHOi Gapbu, AKy B [JaBHbOMY ErvnTi BUKOPUCTOBYBaNN
ansa dapbyBaHHA MyMill, MICTUTbCA OKCUA, O YTBOPIOETLCA Mif Yac Npoxa-
ptoBaHHA depym(lll) cynbdpaty. Oepym(lll) cynbdaT y npoueci npoxaptoBaHHA
PO3KNafjaeTbCA Ha ABA OKCUAN — NETKUN | HeNeTKWI. 3anuwiTb PIBHAHHA L€l
peakduil.

544, ®epym(ll) cynbdin MOXHa ofep)kaTy HarpiBaHHAM MipuTy i3 3ani3om. 3anu-
WiTb PIBHAHHA L€l peakuii.

545.CknafiTb PiBHAHHA peakuin rigponisy Takux coneir: depym(ll) xnopua, de-
pym(ll) cynbdat, pepym(lll) HiTpaT, depym(ll) 6pomia.

546.Ak i3 3anisHoro kynopocy FeSO,7H,0 opepxatu: a) depym(ll) xnopua;
6) depym(ll) HiTpaT; B) depym(ll) cynbdat? 3anuwite BiANOBIAHI PIBHAHHA
peakuin.

547. Y npupogHux sogax Oepym micTuTbcA nepeBaxHo y cknagi depym(ll) rigpo-
reHkapboHaTy, KW 3a HAafABHOCTI BOAM N KUCHIO NMepeTBOPIOETbCA Ha de-
pym(lll) rigpokemna i Byrnekucnnii ras. Cknagitb PiBHAHHA L€l peakLii, no3Hau-
Te OKUCHUK i BIiGHOBHWUK.

548.Cknagitb piBHAHHA peakuii, Wo BignoBifalTb NepeTBOPEHHAM:

a) Mg — MgSO, — Mg(NO,), — MgCO,;

6) Cu —» CuO — Cu(NO3)2 — Cu;

B) BaO — BaCl, — BaSO,;

r Ca — Ca(OH), — CaCO, — Ca0 — Cadl, — CaCo;;

a) Al — AlLO, — AICl; — Al(OH); — Na,AlO;

e)S— S0, — Na,SO, — BaSO, — SO,;

€) C — CO, — CaCO; — CaCl, — CaCO, — Ca(HCO,), — CaCo;;
*) NaOH — NaHCO3 - Na2CO3 — CO,—~ MgCO3;

3) Fe — Fe(NO,); — Fe(OH), — Fe,0, — Fe — FeCl,;

n) Cu — CuSO, — FeSO, — Fe(OH), — Fe(NO3)2 — FeCO;;

i) P—P,0,— Na,PO, — Na,HPO, — CaHPO, — Ca,(PO,), — H,PO, — AIPO,.

KomnnekcHi 3aBgaHHA

549. Mig vac B3aemogii unctoro depym xnopuay macoto 1 r i3 HagIMWKOM apreH-
TyM(l) HiTpaTy yTBOpKBCA ocag apreHTym(l) xnopmngy macoto 2,65 r. BusHaute
CTyNiHb OKUCHEHHA Mepymy B MOYATKOBOMY XJIOPUA.



TEMA 4. HEOPFAHIYHI PEYOBWHM | TXHI BJIACTBOCTI

550. [MopisHANTe 06'em cynbdyp(lV) okenay (H. y.), AKUIN MOXHa OAep»KaTu i3 CipKn
Mmacoto 480 r Ta 3 HaTpil cynbdiTy macoto 630 T.

551. O6uncnitb macy docdopy, AKy HeObXiHO BBECTU B HU3KY MepeTBOpPeHb ANA
ofepKaHHA KanbLii optodocdaty macowo 15,5 .

552.1na ofepkaHHA BanHAHOro Ticta 6epyTb 6AM3bKO 2,5 N BOAU Ha KOXHUNA
Kiflorpam HerawleHoro BanHa. Y CKinbKy pasiB ue nepeBuLLye macy BOAM, AKa
BUTPAYAETbCA Nif Yac XiMiYHOI B3aEMOAi?

3aBpaHHA 3 PO3BUTKY KPUTUYHOIoO MUCJIEHHA

553. [paHynu HaTpil rigpokcrpy B pasi 36epiraHHA Ha NOBITPi NOCTYNOBO PO3Mn-
BAlOTbCHA, ane 3 YacoOM HibUTO «BUCKXalOTb», NEPETBOPIOIOUNCH Ha 6innin nopo-
WOK. [MoACHITb Ui ABMULA, CKNAAITh PIBHAHHA peaKLUil.

554. Kk MOXHa BIgpPI3HMUTN KanbLin OKCMA Bif Kanbuin rigpokcnay? 3anvuwitb pis-
HAHHA peakuil.

555. Ak BiPi3HUTM NPO30py BamHsAHY BOAY Bif P030aBfeHOro po3uvHy HaTpili rig-
poKcMAy, AKLWO B HAABHOCTI € NuLe ra3osiABigHa TpyoKa?

556. Y1 MOXHa ANA OUULLEHHSA BYIIEKUCNIOrO rasy Bif BOAAHOI Mapy BUKOPUCTATU
TPyOKy, HaNnOBHEHY HeralleHUM BanHom?

557. Y MOXHa MOBHICTIO 3BiNIbHUTY a30T Bif HEBENMKUX AOMILLOK XJ10POBOAHIO
i BOAAHOT Napy NPonycKaHHAM MOro yepes TpyO6Ky: a) i3 HeraweHnm Ban-
HoMm; 6) i3 raweHm BanHoM? BignoBigi nigTeepabTe PiBHAHHAMM BiANOBIA-
HUX peakLUil.

MPAKTUYHA POBOTA Ne2

leHeTUYHI 3B'A3KM MiXK HeopraHiYyHMMU peyoBMHaAMMU

O61a0HaHHA: ITATUB i3 TPOOipKaMu, KOPOK i3 rasoBigBimHOIO TPYOKOIO,
NaJbHUK (HA PO3CYI YUUTEJIS).

Peaxmueu: Mmigb a60 3a1i30 (Ha po3Cy YUUTEN), POSUUHU JYTY, KATBIii
rizpokcuay, HiTpaTHOI KMCJIOTHU, XJIOPUAHA KUCJIOTA.

IIpaBuna 6e3mexu:

* IJIs1 OOCJiiB BUKOPMCTOBYUTE PEAKTUBU B HEBEJIMKUX KiJIbKOCTAX;

- ocTepirafiTecss MOTPANJIAHHSA PeaKTHUBIB Ha IIKipy, B oui; y pasi 1mo-
TPAILJIAHHS 1IKOI PeUOBWMHHU 3MUNTe II BEJIMKOIO KiJbKiCTIO BOIU;

1751 BUBHAUEHHS 3alaxy PeYOBUWH He MiAHOChTe MPOOipKy 0 o0amyusd,
a CIpPAMOBYHTE MOBIiTPA pyxXaMu PYKHU IO cede.

CKJIa].'[iTL Q)paI‘MeHT T'eHeTHUYHOI'O JIaHIIoIra 3 PEYOBUH Yy HaBe€JE€HUX IIe-

pesikax. 3anuIIiTh IIJIaH eKCIIEPUMEHTY AJA 3AiICHEHHA XiMiYHUX IIEPEeTBO-
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PeHBb 3a UM JIAHIJOTOM Ta BUKOHAaNTe BigmoBigHi ximiuwmi gocaigu. OnuimiTs
CIIOCTEPEKEeHHS Ta CKJAAITh PiBHAHHA peakiiii. [na peakiii ioHHOTO 006-
MiHY CKJIAZIThL MOJEKYJApHEe Ta HOHHO-MOJEKYJaApHe PiBHAHHI.

Ilepexix 1. Kynpym(Il) okcunm, mias, kynpym(Il) xmopuzm, xympym(II)
mitpar, kynpym(II) rizpoxkcun.

Ilepexix 2. Kanbmiii rigpokcun, KaJablliii KapOboHAT, BYIJIEKUCIUN ras,
KaJIbI[i# rigporeHKapOboOHAT, KaJbI[ill XJOPH.

s ¢hopMyIIOBaHHSA y3araJbHIOIOUOTO BUCHOBKY BUKOPHCTalTe Bifmo-
Bigpb Ha 3aOUTaAHHSI:

Ha yomy r'pyHTyeTbCS MOJMKJMBICTH CKJIaJaHHS JAHIIOTA IEePEeTBOPEHb
IJs iIrocTparlrii reHeTHYHUX 3B A3KIB MisK KJacaMU CHOJYK?

ITepesipme c60i 3HaAHHA 3a memoio «HeopzariuHi pevogu-
HU i IXHI 8racmusocmi», BUKOHABUWU Mecmosi 3a80aHHA
Ha caiimi.
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§ 39. 3eneHa ximia

MpwuragaiTe: WO PO3ymiloTb Mif BIAHOCHUM BMXOAOM MPOAYKTY peakuii (3a § 12).

Lo Take 3eneHa ximia?

Hanpukiami kypcy ximii 10 Kjgacy Bu 0O3HAMOMMJIUCA 3 KOHUENUIEH
cmadnaozo po3gumkry, ika mouaaa Gopmysatuca B 70-Ti pOKM MUHYJIOTO CTO-
JitTsa, a chboroaui Ha piBai OOH migTpumyeThcss Bcima KpaiHaMu CBiTy.
TonoBHUM nmpuHIUNO i€l KOHIEII[II — «IlepegaTw» HaIy IJaHETYy Halraz-
KaM HEeBUCHAYKEHOI0 Ta 3a0e3meunTy iXHill PO3BUTOK, He TipIIU#A 3a HAIII,
a He IPUMYCHUTHU iX PO3B’sI3yBaTH YUCJIEHHI eKojoriuni mpobaemu. Ila xoH-
MemIlisad € KOMILIEKCOM €KOHOMIUHUX, COIliaJlbHUX, HAYKOBUX i TeXHIUHUX
3MiH, IO MOTPeOYIOTh 3aXOAiB Ta ped)opM Ha Iep:KaBHOMY PiBHiI B pisHUX
chepax HAMIOTO KUTTH.

Is Gory ximiuHOi CcHmiTBbHOTHM Ta XiMiYHOTO BUPOOHUIITBA AOTPUMAH-
HAM IIiel KOHIlemnIii € caifyBaHHA MPUHIIMIIAM HOBOTO HANPAMKY Ximii —
3enenoi ximii (Green Chemistry). 3emena ximissi mouasa posBuUBaTHCS
Ha mouaTKy 90-x pokiB XX CTONITTS AK HayKOBUHN HAOPAMOK i3 yIo-
CKOHAJIEHHA XiMIiUHMX WIPOIIECiB OJII 3MEHIIeHHA HeraTUBHOTO BIIJIUBY
Ha HABKOJIUIITHE cepemoBuine (mama. 39.1).

3ejieHa xiMiA mMae 6araTo CHiJIbLHOTO 3 €KOJIOTiUHOIO XiMier. AJje eKo-
JoriuHa Ximis mocaimskye HacamIiepes cIoco0u yCyHeHHs 3a0pyqHIOBAYiB

MOBKinIA Ta OOMEeKeHHS iX TOIIUPEHH.
A romroBHuM 3aBraHHAM J3eJsieHOl xXimil

sg:f:n"ts | cft:;:ts ¢ 3MiHa cmoco6iB oJep:KaHHA PEYOBUH
i TexHOJIOTiYHMX HIpPOIleciB, 100 HaBIiTH
Green — He BUHUKAJO 3a0pyAHIOBaYiB HABKOJIUIII-
chemistry HBOTO cepemoBuIlia abo yTBOPIOBAJIOCH
Green and Efficient
renewable orocesses AKOMOTa MeEHIIIe.
raw mate’ia'S/\ OcTaHHIiM YacoM NPUHIUIN 3SeJIeHOI
ximii memaJi Oijbllle HmiATPUMYIOTHCA CyC-
Environmentally . . .
[ HiJBCTBOM, PO IO CBiguuTh 6araTo (paxTiB.
products 3okpema, 2005 porky HobGeniBcbKy mpemiro

3 ximii orpumaam P. I'pa66c, P. Illpoxr
Man. 39.1. KoHuenuia 3eneHoi ximii  Ta I. IlloBeH 3a PO3BUTOK METOLY METATEUCY



§ 39. 3eneHa ximis

B OpraHiuyHOMY CuMHTEe3i, aKuil Moaudikye 6araTo BUPOOHMUYNX IIPOIECiB IIif

yac 00pOoOKY HEHACUYEHUX CIOJIYK 3 YPaXyBaHHAM IIPUHITUIIB 3eJeH0l XiMmii.
A Big 1996 poxry B CIITA zampoBam:xeHo mopiuny IIpesumeHTCbKY HpeMmiro,
AKOI HaropoMKyHIOTh YUYEHUX Ta Koproparii, KoTpi BTijg00Th y XimMiuHi
TexHoJIoril mpuHIunyu 3ejgeHol xXimii.

MNpnHumMnn 3eneHoi ximii

B omuomy 3 mepmux moci6HuMKiB i3 3emenoi ximii (II. T. Amnacrac,
k. Yopuep «3esieHa Ximif: Teopida i mpaxkTura») 0yso chopmMyabOBaHO
12 mpuHIUIIB bOTO HATIPAMKY HayKu. ChOromHi icHye 6araTo pisHUX Bepciit
IUX OPUHIUIIB, HaimomupeHinioon 3 axkux € «PRODUCTIVELY »:

Prevent wastes
Renewable materials

Omit derivatization
steps

Degradable chemical
products

Use safe synthetic
methods

Catalytic reagents

Temperature,
pressure ambient

In process
monitoring

Very few auxiliary
substances

E-factor, maximize
feed in product

Low toxicity of
chemical products

Yes, it is safe

Kpaille IomepeauTH YTBOPEHHS BiIX0miB,
HI}K MOTIiM iX ImepepodasaTu

peareHTHV Ta BUTPATHI MaTepiajiu MalOTh
OyTH BiJHOBJIIOBAHIMI

YHUKATHU MOOIYHUX peaKIii
Ta IPOMiKHUX IPOAYKTIB

XiMiUyHUHN TPOAYKT Ma€ OyTu 6i0po3KIATHUM (micas
BUKOPUCTAHHSA PO3KJIAJaTUCA HA 6€3IMeUHi peYOBUHY,
a He HAKOIMMYYBATHCA B HAaBKOJIUIITHHOMY CEPeIOBUIIIi)

3aCTOCOBYBATU METOAU CUHTE3Y 3 BUKOPUCTAHHIM
HAMO1IbII Oe3IeUHNX IJIA JIOAUHNA A JOBK1IJIS PEUYOBUH

3aCTOCOBYBATH MEPEBAKHO KATAJIITUYHI ITpoIecu,
IO TOT'O »K HaANO1IBII CeJIeKTUBHI

3IiMICHIOBATHY pPeakIlii 3a yMOB, MAaKCUMAJIbHO
HaOJIMIKEHUX [0 3BUUANHUX

CTBOPIOBATH aHAJNITUYHI METOOUKM JJIA IIOCTiAHOTO
MOHITOPWHIY XiMiUYHMX IIPOIIECiB y peaxTopax

BHUKOPHCTOBYBaTU IKOMOT'a MeHIIle PO3YNHHUKIB
i momoMiskHUX pPeYOBUH

ypaxoByBaTtu E-paKTop, MAaKCUMAaJIbHO 301IbIITyBATH
BUXIiJ IPOAYKTY peakirii
CHUHTE30BaHi PEYOBUHU MAIOTh OYTH MEHII TOKCUUHUMU,

Hi)X peareHTHn

3aCTOCOBYBATU PEUOBUHU Ta (GOPMU PEUOBUH i3 MiHiMaIb-
HOIO He0e3IIeK0I0 Y BUKOPUCTaHHI (CIPUYMHEHHA OIiKiB,
OTPY€HBb, BUTOKiB, BUOYXiB, ITIOKEK TOIIIO)
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E-pakTop Ta aTOMHa edpeKTUBHICTb

E-paxTop Ta aToMHY e(peKTHUBHICTH BUKOPUCTOBYIOTH IJA KiJIBKiCHOTO
OIIiHIOBaHHA XIMIUYHOTO BHPOOHHUIITBA. 3OAETHCI, YOMY O IJsd IILOTO He 3a-
CTOCYBAaTU TakKe MOHATTA, K BUXiJ IIPOAYKTY PeakIlii Bil TEOPEeTUUHO MOK-
auBoro? Buxinm mpoayKTy peakiiii xapaKTepusye CTYIIiHb IePeTBOPEHHS pe-
areHTiB Ha NPOAYKTH peakIii. Aje, oKpiM peareHTiB, y peakxlisix TaKOK
BUKODPHCTOBYIOTh PO3UMHHUKMU, KaTajli3aTOpU, AOMOMIi’KHI DPEYOBUHU [IJIA
BUAIJI€EHHA TOTPiOHOTO TPOAYKTY 3 peakiliiinoi cywmimti tomto. I1i peuoBuHUI
TaKOoK HeoOXimHO omep:kyBaTu (moOyBaTu ab0 CHHTE3yBaTH), IIOTIM OUYHU-
IyBaTU W yTUJIisyBaTu. A Ile € IPUUYMHOI HOTPAIIAHHA 3a0PYyAHIOIOUNX
PEYOBUH y HABKOJIUIITHE CEePEIOBUIIE.

E-¢paxmop oGUUCTIOIOTH K BiTHOIIIEHHSA MacH BCiX MOGIUHUX IPOAYKTIB,
10 (paKTUUYHO € BigxomaMu BUPOOHUIITBA, A0 MAacCHU I[iJILOBOTO HMPOAYKTY:

Maca Bcix mo6iuHMX TPOAYKTIB
Maca 1iTbOBOTO MPOAYKTY

E-dpakTop =

3uauenHsa E-dakTopa [03B0OJIs€ OIIHUTH CTYIIiHb BUKOPUCTAHHSA CUPOBU-
HY 1 KIJIBKiCTh YTBOPEHUX BiAXOMiB: UMM MeHIIe 3HaUueHHa E-(paxTopa, TuM
MeHIIle BiIXOHiB IMeBHOTO BUPOOHUIITBA. HalKpalmuii pesyabrar 3a E-pak-
TOopoM Mae HadrTomepepobHa mpomwuciaoBicTh, ii E-paxtop mopisuioe 0,1.
I me me AUBHO, OCKiJIBKU CHOTOAHI HA(MTOBY CHPOBUHY MaiyKe IIOBHICTIO
mepepolJIdioTh Ha IajbHe (I[bOMY 3HAUYHOIO MipOI0 CIIpUAE BUKOPUCTAHHSA
poIeciB KpPeKiHry Ta pudopMiHTy).

Haiiripimni nokasHUKM y IIPOIECiB cuHTe3y (hapMIIperapariB, Ie, 3aJe:KHO
Big BupoOHHUIITBA, E-(hpaxTop mMoxke mocaratu 100. I 1me Tako:X He AUBHO,
OCKiJIbKU [JIs1 BUPOOHUIITBA JiKiB YacTo mOTPiOHI AysKe YMCTI pevyoBUHH,
a Ile BUMAarae BUKOPUCTAHHS BEJNKOI KiJbKOCTI JOIOMiKHUX PEUYOBUH IJIS
OUUII[EeHHA.

Amomny eppexmueHicmed OOUUCIIOIOTh K BiJHOIIEHHA MOJIAPHOI Macu
IiJIBOBOTO MIPOAYKTY OO0 CYMU MOJAPHUX Mac yCix iHINIMX IPOAYKTIB y piB-
HAHHI peaxiIrii:

Monsapua maca IiJTbOBOTO MPOAYKTY
CymapHa MOJIIPHA MAaca BCiX IPOAYKTIB peakririi

AtovHa e(eKTUBHICTH =

AToMHA e(peKTUBHICTh XapaKTepU3y€e MOBHOTY BUKOPUCTAHHA XiMiUHUX
eleMeHTiB: uuM pesyabTarT Oamxuuii o 100 %, Tum O6iJbIln «3eJeHO0I0»
e ximiuna peaxmnisa. Hanpuximan, mis peaxiiii rigpararii eTeny:

C,H, + H,0 = C,H.OH

aTomMHa eheKkTuBHiCTH nmopiBHIoEe 100 %, ocKiBbKM BCi aToMu peareHTiB Mic-
TATHCA Y CKJIAAL NPOAYKTY PeakrIrii.
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AK poTpuMyBaTUCA NPUHLMNIB 3eNneHoi Ximil?

ITpuanunu 3enenol ximii TiJIbKM IIOYNMHAIOTH CTABATH CKJIAJ0BOIO HAIIIO-
ro KuTTsd. JIfoAcTBO POOUTH JUIllEe IIePIIi KPOKU B IIBOMY HAIPAMKY, X0Uua
IeBHi NOCATHEHHS BiKe iCHYIOTB.

ITpunnunam 3esieHoi ximii BifmIoBimae omep:Kauua I BUKOPUCTAHHSA 0io-
Iusesro Ta 6i0eTaHoJy, PO IO BU Ai3HAJIHNCA MUHYJIOTO HABUAJIHLHOTO POKY.
Ile 3menIIye cro)KuBaHHA (CHAJNIOBAHHS) BUKOIIHOTO IMajaWBa. A KiJIbKicThb
YTBOPEHOT'O BYIJIEKHUCJIOTO T'ady BHACJIJOK CHAJIOBAHHS POCIMHHOTO IIaJIb-
HOro (aKTWU4HO AopiBHIOE Tii KimbkocTi CO,, AKY HOTJIMHYJIU DPOCIUHU
3 IIOBiTpsA B mpoilieci poToCUHTESY.

HaykoBa cminbHOTa 3aKJIMKAaE JIOACTBO B3arajii BiAMoBUTHCA Binm cma-
JoBaHHA HaQTOIPOAYKTIB. Bimomo, 1mio choromui jwuime 5% cupoi HapTH
BUKOPHCTOBYIOTH AJIsI BUPOOHUIITBA CUHTETUUHNX XiMiUHMX PeUOBUH, OilbIia
yacTuHa iae Ha najgbHe. HaTOBY CUpPOBUHY HEOOXiJHO BUKOPHCTOBYBATHU
BUHSATKOBO JJA CHHTETHYHOI Ximii, a cmanroBaTu OiomaJjibHe, CHHTE30BaHE
3 bOiomacu (mas. 39.2).

OcranHiM vyacoM AedKi ximiuni KomMmauii BiIMOBJISAIOTBCA BiJf BUKOPU-
CTAHHSA «KJACUUYHUX» OPTAHIYHUX PO3UUMHHUKIB: JUXJIOPOETAHY, XJIOPODOP-
My, Oeuzeny Tomio. ChOTOOHI IPOBOAATh HAYKOBi HOCTiMKEHHS IITOAO0 3aMi-
HU iX 0e3IeYHMMU PEYOBMHAMI B HAZKPUTUUYHOMY CTaHi, KOJU 34 IMEBHUX
yMoB (THCK i TemMIepaTypa) — y TakK 3BaHil HOTPiliHi# TOUIl — pPeUYOBUHU
mepexonsaTh y HaAKPUTUUYHUU CTaH, A€ IIOEIHYIOTHCSA BJIACTUBOCTI PiAmHHT
Ta rady. Hampukiaazn, Boma i BYIVIEKUCJAHN Tras y HaAKPUTUYHOMY CTaHi
€ ny:Ke e(peKTUBHUMEN PO3UMHHMKAMI, He TipIINMHN 3a TPASUIiiiHi HeIo-
JAPHI Opra”HiuHi POSUYMHHUKU.

¥ IlenTpi xkaranisy B m. Aaxen (Hi-
MeUYrHa) PO3POOJIAIOTH TEXHOJIOTiI0 BU-

15%

KOPHCTAaHHS BYIJIEKHCJIOrO rady, SAKUH {1
BUIIISIETHCA HA TEIJOBUX €JIeKTPO- 8
CTAHI[IAX IIiJ uYac CHaJIOBaHHS BYyIJIe- ETHANOL  GASOLINE

BOJHEBOTO ITaJinBa, JJis CUHTEe3y Oara-
TOATOMHUX CHOHUPTiB. SHUSUTU BUKUIU
BYIJIEKUCJOTO rady B TaKuii cmoci0
He BracthcA (He Oinbin Hixxk Ha 1%).
Aje ma TexHoJsoria mossoJisge Ha 15 %
3HU3UTU OOCATM BUKOPHCTAHHS opra-
HiuHOI CMPOBMHU, HEOOXimHOI AJIs BU-

: Man. 39.2. BukopucTaHHsi 6ioeTaHony 3a-
poOHHUITBA 6araTOaTOMHMUX CIHPTiB. MIHIOE B MOBITPi BYrNeKNCIniA ras i3 «Bu-

Croromui B HayKoOBUX JiabopaTopi- KonHoro Kap6oHy» Ha BYrMeKUcIunn ras
X PO3POOJIAIOTE CIIOCO0M MOAepHisalril i3 BiJHOBOBAHOI POC/IMHHOI CUPOBUHN
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TEeXHOJIOTiN i3 MeTo «03eJeHUTH» XiMiuHi BUPOOHUITBA. AJle 3aCHOBHUKU
3esenol ximii sakJIMKAIOTh 3MiHUTH camy (isocodiro migxomy a0 MomepHi-
sarii BupoOHUIITBA. SIK aprymMeHT BOHM HaBOLATH TOW (PAKT, IO OiJIBIIiCTH
xiMiuHMX 3ac00iB MOKYII[i 00MPAaIOTh He 3apanu ix ximiunoi opmyau, a 3a-
pagu KopucHoro ederTty Big Hux. Hanpuriaazn, Muiidi sacobu Jogud KyIIy-
IOTh IJIA MUTTS TOCYAY, i Kpallle IPOJAaEThbCcs TOW 3acid, o Mue Kpaile,
a He TOW, y AKOTO «YVHIKAJIbHUU» XiMIiUHWUN CKJA].

Omxe, BigmoBigHO Mo mpuHIuOiB 3eaeHol ximii, HacaMmiiepes HeoOXimHO
OyMaTU TPO KiHIleBHII pe3yJbTaT, a He IIPO IeBHi peuoBmHU. Hanmpukian,
MOJKHa CTBOPIOBATH cyllepe()eKTMBHI MWUIiHI 3aco0u AJA BUAAJEHHSA Hara-
Py 3i CKOBOPiZKH 3 XHUTPOMYZAPOIO (POPMYJIOID UM MPUBAOIMBUM 3aIIaxOM.
A MOXHA MOKPUTY CKOBOPIAKY aHTUIPUTAPHUM MOKPUTTAM, 1100 el Harap
He YTBOPIOBaBCsA. SIKIMO M0 XiMiuHOI ITPOMMCJIOBOCTI 3aCTOCOBYBATU TaKUIA
oigxim, Tomi 3eseHa Ximis Buiijle Ha HOBMU pPiBeHb PO3BUTKY i CTaHe He-
Bii’€MHOIO YACTHHOIO HAIIIOTO KUTTS.

1", KniouoBa iges
.—
3efieHa XiMis — Le NPUHUUMNOBO HOBUI, 6e3NeUYHniA AN NIAVHN | NNaHeTy niaxig

[0 opraHisauii BUpOOHMLTBA XiMIYHUX PEYOBVH i MPUHLMMIB X BUKOPUCTAHHA.

Q KoHTponbHi 3annTaHHA

558. LLlo Take 3eneHa ximia? Ynm 3eneHa ximis BigpisHAETbCA Bif €eKONOrivyHOI XiMmii?
559. Lo Take E-dpakTop Ta aToMHa epeKTUBHICTL?
560. CxapakTepusynTe NPUHLMNK 3eneHol Ximil.

_@ 3aBAaHHA ONsA 3aCBOEHHA MaTepiany

561. MNoACHITb 3HaUEHHA KOXXHOro 3 HaBeAeHMX y naparpadi npuHuunie 3eneHol
Ximii. HaBegiTb npuknagw.

562.fk B/ po3ymieTe TePMiH «LiNbOBUA NPOAYKT»?

563.[1oACHITb NPUHUMMOBI BiAMIHHOCTI Mi>XX BIAHOCHUM BUXOAOM MPOAYKTY pe-
akuii Big TeopetnyHoro Ta E-dakTopom. Bignosigb mpointoctpynTte npu-
Knagamm.

564.HasepiTb Npuknag ximiyHoi peakuii 3 atomHoto edekTuBHicTio 100 % 3a yvacTi
SYle HeopPraHiYHNX PeyYOoBUH.

565. 064nCNiTb aTOMHY edeKTUBHICTb HelTpanisalii XxNopuaHoT KUCIOTA HaTpii
rigpoKcMaom. Y MOXKNMBO 3MEHLLUTY L0 BENUYMHY ANA Uil peakuii?

3aBp,a|-|H;| ANA PO3BUTKY KPpUTUYHOIoO MMUC/NIEHHA

566. [10ACHITb, Yy AKUIA CNOCi6 JOTPMMaHHA NPUHUMNIB 3eneHOol XiMiT y3rogXyeTbca
3 KOHLEML|i€EI0 CTaNoro pPo3BUTKY.



§ 40. 3HauyeHHA XiMil AnA CyyacHOro CycninbCTBa

567. MNpoaHanisynTte Tabnuuto Ta faiTe BIANOBIAI Ha 3anMTaHHA.

Fanysb O6¢cAar BUpo6HNLTBa, TOHH/piK | E-pakTop
Ha¢TonepepobHa 106-108 0,1
OCHOBHUI XiMIYHWIA CUHTE3 104-106 1-5
TOHKUIM XiMIYHMI CUHTE3 102-104 5-10
QapMaLeBTUYHNI CUHTE3 10-103 25-100

— fIK BV BBaXKa€Te, AKi PEYOBMHUN € NPOAYKTaMU rasiy3eil OCHOBHOIO, TOHKOrO
Ta papmaLeBTUYHOrO CMHTE3y?
— 3anponoHynTe NOACHEHHA 3HayeHb E-dakTopa Ana KoxHOI ranysi.

MiHi-npoekTtn

568.Bunbepitb 6yab-AKe BMPOOHULTBO XiMIYHOI UM MeTanypriiHoi ranysi (3a Mox-
NVBICTIO Take, NIANPUEMCTBA AKOI € y Bauwin MmicyesocTi). OuiHiTb Moro 3a
npuHumMnamu 3eneHoi Ximii, HaBefeHVMY B nNaparpadi. 3anpPonoHynTe LWAAXK
MoZepHi3aui.

§ 40. 3HayeHHA XiMil AnA cyyacHOro cycninbcTBa

IlanosHi Bunyckuuku Ta Bunyckuuii! Ilepens Bamu ocramuiit maparpad
migApyYHWKa 3 Ximii, AKMM BU 3aBepmiuTe Kypc Ximii B cepemHil mIKoJi.
3a TpaauIliero B OCTaHHiX maparpadax aBTOpM HaMaralTbCA PO3KPUTHU 3HA-
YeHHs TEeBHOI HAYKM JJIA KOKHOI JIOAWUHU, NEepP:KaBU Ta BCHOTO JIIOACTBA.
AJe HepeaJIbHO ITOKa3aTH BCi MOKJIMBOCTI XiMil B Mekax omgHOTO maparpada.
CroogmiBaemocs, IO Bif MoYaTKy BUBUYEHHSA Ximii i3 7 Kyacy Bu ycBimomJrroBa-
AU, dKe 3HAUEeHHSA MAaIOTh XiMiuHI pPeYOBMHM Ta IPOIECH B HAIIIOMY KHUTTIi.
¥ npomy nmaparpadi Bu misHaeTecda PO AeAKi HalicydacHIIIi HaIPAMKUT PO3-
BUTKY XiMii Ta CyMisKHUX HayK, ITPO 3aBAaHHA, AKi CHOTOAHI PO3B’A3YyIOTH
HAYKOBIIi B J1abopaToOpisix ychboTo CBiTy.

— [MobaunTtn monekyny B Mikpockon?! Hil Hemoxnueo!

HocaimxeHHs KOKHOI HOBOI peUYOBUHU Mepeadauae BU3SHAUEHH 11 ximiu-
Hoi OymoBu. Ille Bixm XIX crosiTTa XiMiku Hamaraaucs 3’sCyBaTH CKJaJ
PevYoBUH, ajie TOMi icHyBaju JIMIle HEeIPAMi METOOu — MIO0aUUTH OKpPeMy
MOJIEKYJIy OyJI0 HEeMOKJINBO.

I3 po3BuUTKOM HayKM i TeXHiKU cTaBaJu Bimomi HOBi xXimiuHi ederTH,
YAOCKOHAJIIOBAJUCA IPUJIAAM, HAYKOBIII ITOYaJud 3aCTOCOBYBaTHM HOBi (i-
BUYHI MeTOOUW IOCJiIKeHb, i 3HaHHA 3 XiMiuHOI OyIOBUM MOJIEKYJI CTABAJU
menasi TouHimuMu. Byso Bu3HaUeHO CKJIAM i CTPYKTYPY MOJIEKYJ 6araTbox
pevoBUH, aje 3’dAcyBaTu XiMiuHy OymZOBY CKJIagHUX OioJoriuHmxX 006’ €K-
TiB OyJio MailiyKe HEMOXKJIMBO. Y TiM, TOUHA iH(opMAaIllid IOJO0 CTPYKTYPHU
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Man. 40.1. 306pakeHHsA aKTVHOBOIO LMTOCKe-
neTa XMBOT KNITUHW (ycepeauHi 306paxeHHs,
OTprMaHe HaHOCKOMI€l, a 3HM3Y N yropi —
TpaauuiiHo mikpockonieto). My6nikyeTbca

3 po3sony aBTopa Prof. Uli Nienhaus,
(P. N. Hedde, J. Fuchs, F. Oswald,
J. Wiedenmann, and G. U. Nienhaus,
Nature Methods, 2009, 6, 689)

Man. 40.2. bygosa Bipycy 3ika, fgocnigxeHo-
ro METOAOM KpiOeneKTPOHHOI CNeKTpocKoni.
Ha petanbHomy 3006pakeHHi MoXHa nobaunTu
MOJIOXKEHHA OKpeMmux aTomiB. My6nikyeTbca
3 po3Bony astopa Prof. V. Racaniello
(www.virology.ws/2016/04/05/
structure-of-zika-virus)

6i0JIOTiUHO AaKTHBHUX CIIOJYK, OCOOJMBOCTI
iXHBOI B3aeMomii ogHa 3 OMHOIO HeoOXimHi
I pO3B’sA3aHHA AK (PYyHIaMeHTaJIbHUX,
TaK 1 IpaKTUYHUX 3aBHaHb Oioximii Ta me-
OUITUHUA.

BakauBicTh BIiIKPUTTA Ta 3acTOCYBaH-
HA HOBUX METOIIiB HOCJIiIKeHb PEeUOBUH ITiJ-
TBEPAKEeHO OararbMa HaropogaMmu, 30KpeMa
IOCIiIXKeHHA METOJOM SIAePHOT0 MarHiTHOTO
pesoHaHCy, Mac-cueKTpoMeTrpii Torro. Herro-
InaBHO OYJIO Big3HaueHO HOBiI yCIixu B po3-
BUTKY METOIIiB MOCJIiIKEeHHA PEUYOBUH.

2014 pory E. Bermur, B. Moepuep
ta III. Tennb oxmep:xanu HobeniBCbKy IIpe-
Mil0 3a CTBOPEHHS MeTOony (DJIyOpecIieHTHOL
HaHnockoitii. Ileii meTon m03BOJIAE TOOAUUTHU
(y mpamomy ceHci) duryopeciiiroodi 06’eKTu
3 poszinpHOIO 3maTHicTIO B 10 HM (1078M).
Tum camum 6yJI0 TTO0JIAHO TaK 3BaHUI AMd-
pakiifinuit 6ap’ep onTUYHOI MiKpocKomii.
ITum meTomoM MOMKHA AOCTiMMKyBaTH dYac-
TUHKM PO3MIpoOM [eKiJbKa OecATKiB MoJe-
Kya (maa. 40.1).

2017 poky cTaBCs IIPOPHUB Y JOCIiIIKeEH-
Hi BeJIMKHUX OiOJIOTIUHMX MOJIEKYJI: MOJIEKY.JI
0iTKiB Ta HYKJIETHOBUX KMCJIOT. 3a PO3BUTOK
KpioesmeKkTpoHHOI MiKpocKomii HobemiBcbKOIO
npewmieo Oyau maropomkeni K. I[roborre,
. ®panx, P. Xennepcon. PosxinpHa 3mat-
HicTh MeToAy cTaHOBUTH 2—3 A (2-3 - 10710M),
TOOTO BiH M03BOJIsAE€ imeHTHMGiKyBaTH TO-
aoxkenua kosxHoro(!) aroma. Ile Bpakae,
OCKiJIbKU OiosoriuHi 00’€KTU CKJIaZAITHCS
i3 coTeHb THUCAY i HABITH MiJILIIOHIB aTOMiB.
OmHUM i3 OPUKJIALIB IPAKTUUHOTO 3HAUEH-
HA 11iel poboTH € mocaifyKeHHs Bipycy 3ika
(mau. 40.2). IIig guac emimemii Bipycy 3ika
2016 porky B Bpasunii gocaigHuKaMm BU-
CTAYMJIO OeKiJIbKa MicaliB mjd 3’ siCyBaHHS
OymoBU Bipycy, IIIO DO3BOJIMJIO PO3POOUTHU
MeToAu OOPOTHOM 3 HIIM.
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KoxHin xBopobi — cBoOiI niku!

HeTtanbHOro AOCHiMKEeHHA HOTPEeOYIOTH
He Jullie okpemi mosekyau. OnHie0 3 Ba)K-
JUBUX OJS AOCIiIKeHb opraHes € puboco-
ma (mau. 40.3). Xoua Bu MOKeTe 3alluTaTU:
«Illo Tam mie BuBuaTu? Mwu 1me Ha ypokKax
Oiojrorii BuBuasm». I miticHO, PO 3arajibHY
OymoBy Ta (pyHKIiOHyBaHHS pPuOOCOM Bimo-
MocTeil 6araTo. AJie BCTAHOBUTHU TOUHY Oy-
IOBY puOOCOM yJajiocda IOPiBHAHO HeIaBHO.
BaraTo 3axBopioBaHb BUHUKAIOTH YHACJiTOK
CUHTe3y OaKTepiAMu meBHUX OiaKiB. SKI0
0JIoKyBaTHU PO00TY OiJIOK-CMHTE3yHUOol cuc-
remu Tigbku(!) 6akTepiii, To MoKHa HaBiTHb
VHUKHYTH 3aXBODIOBAHHA 1 BIKUBAHHS aH- KNITVH, 3HAHHA PO HIX
Tub6ioTUKiB. 3HAHHA TPO AeTalbHY OYIOBY [aKoTh 3Mory TliKyBaTi
puboCcOM MOKYTH BUABUTUCSA PEBOJIOIiNHN- HeBUNIKOBHI AOCi XBOPO6M
MU IIOZ0 JiKYBaHHA 0araTb0X 3aXBOPIOBAHD.

HetanbHi gociigskeHHs OymoBu I poboTm pmuOOCOM TPUBAJU HE OJHE
IEeCATUIITTS i moTpebyBaam 3yCcuaIb 0araTb0xX HayKOBUX Ipym. IIpo 1e cBif-
yuTh nepeiik HobGeniBecbKux mpemint i3 ximii suiite B 1[bOMY THUCSYOJIITTi:
2002 poky 3a po3poOKy MeToAiB imenTu@ikaii 6ioJ0oriuHEnX MaKpOMOJIEKY.I
(0. Penn, K. Tanmaxka, K. Brorpix), 2006 poxy 3a po6oTH TpPO MOJEKY-
aapui ocHoBu TpaHckpumilii (P. Kopuabepr), 2009 pory 3a mocirim:keHHS
CTPYKTypH: i (yHKIiii pubocom (A. Monar, B. Pamakpimuan, T. Creiim),
2015 pory sa mexamicTuuHi gociaimxenusa penaparnii [[HK (T. Jliagans,
II. Mogpuu, A. Caum:xap).

Man. 40.3. Pnbocomun BKpam
BaXNMBI AnA GyHKUIOHYBaHH:A

— HaHoaBTOMObinb? Hi, y MeHe Uie HeMae Takoro!

Y cyuacHifl TexHiIi IOCTYymOBO Bifi0yBaeThCcs MiHiaTiOpM3allid PisHUX
mpujaagiB Ta npuctpoiB. 50 poKiB ToMy KOMII'IOTep Mir s3aiiMaTH KijJbka
oBepxiB ab0 BeJMUYe3Hy KiMHATY, ajie 3BUYaNHNN CYYacHUH IIePCOHATIbHUNA
KoMII'IoTep HAbaraTo MOTY:KHIiIINi 3a HBOTO. Y1 MOMKJIMBI MiHiaTIOpHI Ma-
IMIUHA Po3MipoM i3 mojsekyay? Xoua Ie CKJASHO YABUTH, ajie OCTAHHIMU
poxamMmu HAayKOBIIi HAOJUBUJINCS M0 CTBOPEHHS MOBHOIIHHUX MOJIEKYIAPHUX
MAaIlnH.

OaguuM i3 HaWUOPOCTIIMX IPUKJIALIB TAKUX HaHOMEXAaHi3MiB € IIpen-

CTABHUK a300€H3eHiB:
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Taka MoJieKyJa 3JaTHA POIIIUPA-
THCA 3a ONpPOMiHeHHsA Ii cuHIM cBiTJIOM
(420 M), a 3a ompomiHeHHA yabTpadio-
gerom (365 HM) BOHA, HaBIIAKU, CTUCKA-
erbesa. SAKImo ommu OiK 1iel MoJeKyan
OPUKPIIUTHU O OCHOBU, a iHIIUN — [0
BasKeJid, TO IiJ Yac ONPOMiHEHHA PiZHUM
CBiTJIOM TaKuii MPUCTPill 3TaTHUUA BUKOHY-
BaTU MeXaHiuHy poboTy.

Ilei#t HanmpAMOK, AKWUNA Ha3UBAIOTHh
CyIpaMoOJIeKYJISPHOI Ximiero, OyB 3a-
mouatkoBauuii maiixke 50 pokiB Tomy.
3a po3pobKu B Iiii raaysi HobOeaiBCcbKy

Man. 40.4. MonekynAapHi MalnHn

HaNBAVXKUMM Yacom 3pobNATb npemio 1987 pory orpumanu [I. Kpawm,
TEXHOSOTiUHY PeBonIoLLilo WK.-M. Jlen ta Y. Ilemepcen.
B HaLIOMy CyCrinbCTBi IIpo mepcmeKTUBHICTH [IOCHiA KEeHB

y 1i# raaysi cBiguumTh TOI (akT,
mo 2016 poxy HobeniBchbKOI HpeMi€o HAropoa:KeHO TPhOX YUYEHUX —
WK.-TI. CoBaxa, . Crommapra ta B. ®epinra — 3a mpoeKTyBaHHSA
i cMHTEe3 MOJIEKYJIAPHUX MAIIHH.

Ilokm 1110 HEeMae KOHKPETHUX MHPOMICJIOBUX MPOIECiB, ¥ SIKUX BUKO-
PUCTOBYIOTH HAaHOMAIIIMHU, aJie Ile TOYHO CTaHeThCA He3abapoM.

— Konbwu i npobipkun? Hi, y meHe nuwe KnasiaTypa i MuwKa!

30iabIIeHHA MOTYsKHOCTI KOMII'IOT€PiB Ja€ MOMKJIUBICTH MOJEII0BATU
ximiuni Ta 6ioximiuni peakiii. Imoxi 3maeTbes, 110 Iie AyKe mpocTo. IIpoTe
IJIsT KOMII IOTEPHOTO MOJEJIOBAHHSA XiMiuHMX 00’€KTiB HE0OXiZHO ITOEeTHATU
MEeTOIM KJIACMUYHOI Ta KBAHTOBOI (DiBWMKM, 3MOJENI0BATA IMPUTATAHHA KO-
moro(!) emexkTpoHa mo xko:kHoOro(!) aapa aroma B MoJjekyJi. Touny momeinb
moJterkysu 3 20—30 aToMiB 3 ypaxyBaHHAM yCiX MOMKJIMBUX B3a€EMOIil cyuac-
HUHW TMePCOHAJBHUN KOMII IOT€P MOYKEe CTBOPIOBATH NeKijibKa THKHiIiB. Tomy
PO3pPo0Ka CydyacHHX METO/IIB i IPorpaMHOr0 3a0e3IeUeHHsI, 10 YMOKINBIIIOE
MOJIeJIIOBAHHSA BeJHMKHUX O0i0JIOTIUHMX MOJIeKYJ Ta peakiliii 3a ix yuacri,
€ Iy’Ke aKTyaJIbHUM 3aBJAaHHIM.

PosButok obuuciaioBaabHol Ximii (computational chemistry) mosBoauts
0e3 ITPOBEeIEeHHA YNCJIEHHUX €KCIEePUMEHTIB 3MOJeJI0BATH XiMiuHi mpoiecu
IS TOSICHEHHS eKCIIePpUMEHTAJbHUX JaHUX ab0 IIPOTHO3YBAaHHA e(PeKTUB-
HOCTi BUKOPUCTAHHA PEUYOBUH.

Croromni 6e3 XiMiUHMX HOCJIIIB ysKe MOKHA OiATH BUCHOBKY, UM € CEHC
CUHTe3yBaTH I mociimskyBaTu Ti abo iHmri peuoBunu. Ile crae y mpuroni,
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KOJIM HeOoOXiJHO CIPOrHo3yBaTH 0i0JIOTiUHY aKTHBHICTL PEUOBUH, PEaAKIiNHY
3IATHICTH TOIIO.

IlpoBenenus BipTyalbHUX €KCIEPUMEHTIB JO3BOJIAE He BUTPaAUYaTH Ha
peasbHi mOCHimKeHHA OOPOri ¥ YacTo IIKimJIMWBiI peareHTH, IO BigmoBimae
OpUHIHUIAM 3eJjieHol ximii.

BakiuBicTh KOMI’IOTEPHOTO MOJAEJIOBAHHA [AJII PO3BUTKY CydYacHOI
HayKu 1 TexHiKu BudHAB HoO6esiBChKUI KOMITET, HATOPOAWBINUN TPHOX
amMepukaucbKux yuenmx — M. Kapmayca, M. Jlesirra, A. Bapmieas —
HobGeniscrkoo npemicro 2013 poKy 3a poO3BUTOK OararoMacHITaOHUX MO-
nejieli KOMIIJIEKCHUX CHUCTEM.

— Y 1ebe npocTo 3ani3Hi Hepswu!
— Hi, nnwe nnacTtmacosi...

Bu Bike 3HaeTe IPo PEUOBMHYN HEMETAJIIUHOI IPUPOAN, 1[0 MOIKYTh ITPOBO-
IUTHU eJIeKTPUYHUMN CTPyM. AJie HaBPsAL UM 3 HUX MOKHA BUTOTOBJIATH €JIEK-
TpuuHi apotu. 2000 poxy HobeniBcbKy mpemiro 3 Ximil 3a BIZKPUTTS eJIeKTPO-
mpoBimHOCTi mosriMmepiB orpumanu A. Xirep, A. Mak-Iiapmig Ta X. Cipakasa.
IIi Bueni 3amouaTKyBaJii HOBUA HAYKOBUIN HANPAMOK y Ximii mosimepis.

EnexTponpoBifHi mosiMepu MoeqHYIOTH €I€KTPUYHI ¥ ONTUYHI BJIACTH-
BOCTi MeTaJIiB i3 JeIleBM3HOIO i JierkicTio 00pooku miaactmac. «CuHTeTHUHI
MeTaJau» JerKi, 1X MOKHa BUKOPUCTOBYBATU 3aMiCcTb Mini TaMm, e KPUTUU-
HUM (PaKTOPOM € Maca, HAIPUKJIAL, V KOHCTPYKI[iAX KOCMIUHMX araparis.
Ix 3acTOCOBYIOTH Y BUPOGHHIITBI €KOJIOTIiUHO YMCTHX aKyMyaaTopis. ILmiBku
Ha BiKHAaX i3 TAKMX MOJIiMepPiB MOXKYTh MO-Pi3HOMY HPOITYCKATH COHAYHE CBiT-
JI0, 0 TOTO 3K IXHIO ITPO30PiCTh MOXKHA PeryJoBaTU. I3 TaKUX ITOJIiMepiB Ipo-
IMOHYIOTH BUTOTOBJIATYA XiMiUHO iHEPTHI HEPBOBi BOJIOKHA AJIA IPOTE3yBAHHSA
HEPBOBOI TKAHWHU. ¥ Ke CKOHCTPYMOBAaHO OpPraHiuHi TpaHsucropu, ¢horomionn
i masepu, OTKe, MOMKJIMBO BUTOTOBJISATHU ITIJIKOM ILJIACTMAaCOBY €JEeKTPOHIKY.

— PeyoBuHu eBontouioHyoTb? BoHM wo, xusi?!

2018 pory HobesiBcbKy mpeMmito 3 ximii 6y10 IpuCyIiKeHO 3a €BOJIIOIiI0
xiMiuHUX peuoBUH: (PepMeHTIB (eHsumiB) i amTumrin. IleBHa piu, ximiuni
PEUYOBUHU He € KUBUMU iCTOTAMU, i IJIA HUX TePMiH «EBOJIIOIIST» Y KJIaCUd-
HOMY PO3YMiHHI 3aCTOCOBYBATH He MOJKHA, ajie Bce X Taku HobemiBcbKuit
KOMiTeT MaB paIliio.

EBourtonis :kmBUX opraHisMiB HepO3PUBHO IOB’si3aHa 31 3MiHamMu (eBO-
JIOITiel0) XiMiUHMX TpPOIleciB ycepeamHi IIMX OpraHisMiB, 30Kpema, 3i 3Mi-
HaMMU B T€HETUYHOMY KOZi Ta CTPYKTypi OinKiB, AKi 3gaTHa CUHTE3yBaTH
kiaituna. Hanpukimaan, nedki pubu MOMKYTh IJIaBaTU B HOJAPHUX OKea-
HIiYHUX BOJAxX 3aBAAKMW HAOYTil MOIKJMBOCTI CHMHTE3yBaTW aHTU(PU3HI
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Man. 40.5. MoeaHaHHs obuncnio-
BaJSIbHUX MOXMBOCTEN i3 XiMiu-
HUMMW 3HAHHAMW [AE MOTYXHUN
MOLUTOBX AN PO3BUTKY HayKM

Man. 40.5. lNnactukosumn
eNeKTPOHHUIN NPUCTPIn
6e3 ymicTy metaniB

®peHcic ApHonbp,

(Hap. 1956 p.)

JNaypeaTtka HobeniBcbkoi
npewmii 2018 p. 3a gocnia-
XeHHA eBosoLil pepmeHTiB

(aHTH3aMOPOKYyBaJbHi) OiMKM, a Mimili «Ha-
BUMUJINCA» CHUHTE3YBAaTU BYTJIEBOAHUUN MOJIe-
KYJSIPHUHA KJel, 0 HaJaB iM MOMKJIUBICTD
OPUKPIiIIOBATHCA OO0 KaMeHiB.

Ilig yac momryky HIIAXiB CUHTE3Y HOBUX
PevYoBUH TpamuIliiHi XimMiuHi MeToam IOTpe-
OyIOTH BapiloBaHHS YMOB PeakIliil, IO YacTo
€ JKOPCTKUMU, ab0 HAsIBHOCTI TOKCHUYHUX Ka-
TajgizaTopiB Ta IAKuUX peyoBUH. AMepHUKaHChKA
bioximikuHa PpeHcic APHOJBI 3aMiCTh IIHOTO
3aMPOIIOHYBAJIA IJIs IIPOMUCIOBOTO CUHTE3Y Pe-
YOBUH BUKOPUCTOBYBaTU (PePMEHTH, OCKiJb-
KU (pepMeHTAaTHBHI peakiil BimOyBarmoTbCA 3a
3BUUAWHUX YMOB i JOCUTH IIIBUAKO, IO Bix-
noBimae mpuHNUIaM 3ejeHoi ximii. Ase mo-
crae mpobJiemMa: AK CHHTe3yBaTu (hepMeHTH,
III0 KaTajaisyBaTUMyTh caMe Ty pPeakIliio, sKa
noTpioHa. AmKe (epMeHTH MalOTh CKJIALHY
OyZIOBYy, i HEMOIKJMWBO IMPOCTO CKJIACTH II€B-
HY IIOCJiIOBHICTHP aMiHOKMCJIOT Ta OUYiKyBa-
TH, IO caMe IS MHOCJIiJOBHICTh BimmoBimaTu-
Me (GepMeHTy 3 MOTPiIOHWMMM BJIACTHUBOCTSIMMU.

ApHOJIb TOUaa eKCIIePUMEHTYBATH 3 Te-
HEeTUUYHUM KOJOM OaKTepiii i podpobusia MmeTosn
cesieKIlil OaKTepiii, AKi cuHTe3yBaau epmMeH-
T 3 HEOOXiJHUMU BJIACTUBOCTAMU. 3TOLOM Iie
I HasBaJU <«eBOJIIOIi€0 (pepMeHTiB». Y Ta-
Kuii crmoci6 Mo’KHa cTBOpPIOBATH (hepMeHTH
IJisi 3OificCHEeHHS MalKe OyAb-IKMX peakIii
(HABiTH THX, III0 HEMOJKJIMBI B iCHyHOUHX Op-
ramismax), 4o TOTO K 0e3 3HAUHUX €HEeProBU-
Tpar i rpomisgkoro obiamHaHHA. Ii HayKoBa
rpyma BiKe po3pobusia (pepMeHTH IJis CUHTe3y
i300yTaHoJy 3 POCJIUHHOI CUPOBUHU, SKUHA BU-
KOPHCTOBYIOTh K OiomajamBo. ¥ HaNOJIMKUilt
MepPCHeKTUBI — BUPOOHUIITBO HAMHOBITHIIINX
dapMmnopenapaTiB, MaTepiajiB TOIIO.

k. Cmit Ta I'. BinmTep BMHaAWIIIM CIIO-
cib cesekIrii BipyciB i3 meoOXigHuMu GiaTKamMu
Ha IXHIiZI MOBepPxXHi, AKi BUKOHYIOTH (PYHKIIiI
aHTuTia. Ile HasBamu «(HaroBUM IUCILIEEM>»,



§ 40. 3HauyeHHA XiMil AnA CyyacHOro CycninbCTBa

Jlaypeaty HobeniscbKoi
npemii 2018 p. 3a parose
BifOOpaXKeHHA nenTugis
i aHTUTIN (PparoBuin guc-

Dxopax Cmit Cep lper Yintep .
(Hap. 1941 p.) (Hap. 1951 p.) kInei)

OCKIJIbKU CeJIeKIIiOHYIOTH camMe OaxTepiodaru. ¥ Takuii crmocidé po3podasaioTh
OakTepiodaru, IO ypasKaTUMYTh JHIIE PaKOBi KJIITHHH. YiKe CTBOPEHO
HOBUI (hapMmupenapar — aganximymad. Bin OJ0Kye 3amaJjieHHs, 110 € HACJTi-
KaMu 0araThboxX ayTOiMyHHUX 3axBopioBaHb. Bim 2002 pory agamimymatom
JiKYIOTh PEBMATOIAHUI apTPUT, a CbOTOAHI BUIPOOOBYIOTH AJA JIIKYBaHHS
mcopiady Ta 3amajeHHA KUIITKiBHUKA.

95 KniouoBa igesn

3HaYHMM HaMPAMOM Cy4acHMX HayKOBUX PO3POOOK i3 XiMil € JocnifgKeHHa 1 ni-
3HaHHA XMBOro Ha MIKpPO- i HaBiTb HaHOPIBHI, WO Aa€ MOXK/MBICTb CTBOPIOBATU
HOBI MaTepianu Ta iHWi 3ac06U ManbyTHLOTO.

K e
3aB}J,aHHﬂ ANA PO3BUTKY KPpUTUNYHOIoO MUC/IEHHA

569. MNoAcHiTb, UM cnpuATb HaBefeHi B Naparpadi nprknagm HayKoBUX JOCATHEHb
PO3B'A3aHHIO CPOBUHHOI, EHEPreTUYHOI, MPOAOBONIbYOI MPO6GIEM Ta CTBOPEH-
HI0 HOBMX MaTepianiB. fAKLO TaK, MOACHITb, AK Came.

570. Ak BM BBaXKa€Te, UM € HaBefeHi B naparpadi Npuknaan BTiIEHHAM NPUHLMNIB
3eneHoi ximii? OBrpyHTYyTe CBOIO [YMKY.

Ilepesipme ce0i 3HanHA 3a memorw «Ximis i npozpec
JA00cmea», BUKOHABUWLL mecmosi 3a80aHHA HA caillmi.
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Bignosigi Ha po3paxyHKoBi 3agaui

85%.169.70%.170.80%.171.90%.172.60 % .173.95%.
5,376 . 175. 206,08 kr. 176. 190,4 ;1. 177. 112 1. 178. 313,6 m3.
1400 m3.

¥ 2,45 pasy, 3,17 r/x. 224. 0,88 % . 225. 9,05 % . 226. 25 x.
4,48 1. 228. 3,16 % . 229. 3,584 .

1,26. 245. 0,163 % . 246. 400 r. 247. 104 kr.

Bopens, 8,96 1, 5,8 . 253. 2,24 1. 254. 0,844 1. 255. 7,32%.
4,48 1. 257.150 1. 258. 5,95 1. 2569. 116,5T. 260. 16,6 T, 2T.
119 kr.

710%,0,0106%.271.1,43 /1, 2,14 /1. 272. 4,914 1. 273. 10 T.

SO,. 289. MnS. 290. a) 12,044-1023, 6) 0,6022-1023. 291. 56 1.
88r.

1,17.303.1,77-10%°. 304. 6,72 1. 305. 4,8 r. 306. 20,16 1, 21,28 1.
0,448 n. 322. 5,6 1. 323. 1,7 kr.

129,6 1, y 648 pasis.

3 1. 348. 100 a1, 175 1. 349. 16,5 1. 350. 4,48 1.

17r.366. 71,2 %.367.12,285 . 368. 16,16 r KNO, i 2,52 r HNO,.
21,3r.381.120r. 382.95%.383. 13,175 .

54%.397. 2,525 . 398. 11,1 TouH.

360r.414.4,81.415.11,2 m3. 416. 28,5 kr.

566 r. 439. 250 r.

50,3 cm. 452. 2,16 cm.

19,05 r. 462. ITo 50 % . 463. 0,96 % C, 1,12 % Si.

NaCl. 473. Na,0,. 474. 3,36 1.

53 r.487.0,0672r.

27% Amrowminiro i 73 % Kynpymy. 504. 32,75 kr. 505. 25,65 r.
89,6 . 521. 4,6 Toun. 522. 0,56 r. 523. 25,2 r.

+3.550. 336 1ta 112 4. 551. 3,1 r. 552. VY 7,8 pasy.
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Tabnuua pPoO3UYMHHOCTI KMCNOT,

Awnionn H%.ISBa
amioHa H* | Li* | Na* | Kt |NH,*|Mg?"| Ca?* | Sr®* | Ba2" | A3
OH rifpoKcuz M P P | P H M M P H
F dbayopuz P | M| P | P H|H| M| M| M
cl- XJIOpUS P| P | P | P P| P | P | P | P
Br Gpomiz P P P P P P P P P
I nonuz P P P P P P P P P
CO5” kapGoHaT M- | M | P | P | PP | M |H|H|H/| —
Si02" cuiikar H|M | P |P|—|H|H|H/|H/|H
NO, HiTpUT P P P P | P P P P P
NO; HiTpaT P|P P |P|P | P|P|P | P |P
CH,COO™ | amerar p|P | P|P|P | P|P|P | P |P
PO; meragocpar | P | P | P | P | P | T | M | H| H | H
PO3" opropochar | P | M | P | P | T | M | H | H | H | H
S cynpdin M P P P — | MI | MT | M P r
S03” cyabdir P- | P | P | P H| H| | M| —
SO~ cymbdar P | P | P | P P |/ M| M| H/|P
— PO3YMHHA peIoBUHA (DOZUMHHICTE — IPAKTHYHO HEPO3UHMH]
P noraz 1 r #a 100 r Bozm) H cramoBuTH Mexite 0,0
— MaJIOpO3YMHHA PEUOBUHA (DO3UMHHICTD — peuoBHHA icHYE, ate B
M Biz 0,01 50 1 r ma 100 r Boz) r ii HeMOsKIIBO BrLIM1
(if posunHHiCTH BUBHA
Pap akTuBHOCTI meTaniB (enekrpoxi
Meran Li K Cs | Ba| Sr | Ca | Na | Mg | Be | Al | Ti | Mn | Zn
Karion | Li* | K* | Cs* |Ba%"| Sr?t | Ca?' | Na* |[Mg?"| Be?" | AI3" | Ti3* |[Mn2"| Zn?*




rigpokcngis i conen y Boai (3a 25°C)

Karionu
‘ Cr3* |Mn2*| Fe2 | Fe3* | Co2" | Ni2* | Cu2' | Zn2* | Cd2* | Ag*™ | Pb2" | Sn2+ | Hg2" | Aud*
‘ P M M MT P P M H P P M P T T
‘ P P P P P P P P H M P P P
‘ P P P P P P P P H ™M | P | M | H
‘ M P P — P P 7 P P H M MT H H
‘ — H H — o HT HT HT H H H T — —
‘ H' | H H | H | H H H H M | H H r — | =
‘ T P P P P P I P M P T — —
‘ P P P 12 12 |2 P B P P P P P T
‘ Pl | P P |H | P P P P P M P r P | —
‘ H — H H H H H H H H — T T —
H H H H H H H H H H H H H —
r H H | H' | H H H H H H H H H H
— — M — H H H M M M H — — —
‘ P P P P P P P P P M H PT HT PT
iar}Z::cl)gléri‘aB(g);HS;{HHHiCTb — FI;{/IO;:I;;) gg;fl;iﬁxa i poskianaeTsca
SaEMOJLIE 3 BOZ010, — peuoBuHa He icHye a60 HEMAE JOCTOBIPHIX
[I“PIIT; P::;‘gggj’mo) - BigomocTeit mpo ii icHyBaHHS
MiYHUI pAaa, pAap Hanpyr, pap beketosa)
Cr Fe Cd | Co Ni Sn | Pb | H, Bi Cu | Ag | Hg | Pt | Au
Cr3+ Fe2+ Cd2+ COZ+ Ni2+ Sn2+ Pb2+ H+ Bi3+ Cu2+ Ag+ Hg2+ Pt2+ Au3+




OCOBJIMBOCTI MIAPYHHUKA:

* NOEAHAHHS TPAAMULIMHOrO BUKIAAAHHS i3 CYHACHUM
KOMMNETEHTHICHMM NiAXO[0M

* NOLOHHSA HOBOrO MATEPIANY FPYHTYETLCA HO BCTAHOBMEHHI
30KOHOMIPHOCTEW

* OBTOPCbKA CUCTEMA 3ABAAHb
* BENIMKA KiNbKICTb KOMMETEHTHICHO OPIEHTOBAHWX 3ABAAHb

* QNFOPUTMM BUKOHAHHS BCiX NAGOPATOPHMX 4OCNILiB
i NPAKTUYHMX POBIT

* HOYKOBICTb | JOCTYMHICTb
* 3B’A30K i3 XMUTTIM

* YKPATHO3HABYMM MATEPIAN

EJIEKTPOHHUM IHTEPAKTUBHUM OOOATOK
NO3BOJINTD:

* 30IMCHUTU OHNAMH-TECTYBAHHSA 30 KOXHOIO TEMOIO

* NEPErNIHYTU BILEOPONMKM XIMIYHUX OCHILIB

* O3HOMOMUTMCA 3 AOAATKOBMMM MATEPIANIAMM O YPOKIB

BUOABHNLITBO

PAHOK





